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This report presents an approach to deriving target clean-up 
levels for chemotoxic contaminants in soils at the Solar Evap- 
oration Ponds at the Rocky Flats Plant. The results of this 
assessment will be used to evaluate and select the manner in 
wklch contaminated soils will be managed during closure of the 
ponds under RCRA. The general approach involves four basic 
steps: the identification of site contaminants, an exposure 
assessment, a toxicity assessment, and the determination of 
clean-up levels. 

Sampling data from all media which may have become contaminated 
through prior disposal activities at the site were reviewed to 
identify potential site contaminants. The 58 chemicals re- 
ported in these samples were screened to select the site con- 
taminants for which clean-up levels would be derived. Those 
inorganics and chemotoxic radionuclides that were reported in 
solar pond soil samples above background concentrations, and 
all organic compounds that were reported in site-associated 
media were considered to be site contaminants. A total of 35 
site contaminants were identified. 

The clean-up levels were derived based on a hypothetical future 
scenario, that of an individual who lives at the site f o r  a 7 0 -  

year lifetime. The resident is assumed to be exposed to site 
contaminants through five exposure routes: incidental soil in- 
gestion, vegetable ingestion, dermal contact with soil, the in- 
halation of airborne contaminated soil, an3 the inhalation of 
vapors. 

Initially, clean-up levels were determined based on the assump- 
tion that ail 35 site contaminants could be present at a given 
location. Target soil concentrations were derived for both the 
noncarcinogenic and carcinogenic site contaminants based on 
noncarcinogenic- risk-, -using a- clean-up - goal - of ~ a- h-azard index - 

. - _ _  
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of one, and for the carcinogenic site contaminants based on a 
goal of a one in one million lifetime total cancer 
risk. The lowest clean-up concentration calculated for each 
carcinogen was chosen as the final target clean-up 
concentration for the chemical. The approach to deriving 
clean-up levels involves the determination of risk-based soil 
concentrations for each contaminant for each of the five 
potential exposure routes. The exposure route-specific soil 
concentrations are then used to derive risk-based clean-up 
levels for all exposure routes combined. 

Because it is unlikely that all 3 5  site contaminants are pre- 
sent throughout the soils beneath and surrounding the solar 
ponds, an approach to deriving location-specific clean-up lev- 
els is presented. The approach involves a modification of the 
clean-up levels that were derived based on all 35 site contam- 
inants, adjusting for-the number of contaminants at a given lo- 
cation. Other factors which could affect clean-up levels at a 
given location are also discussed. 

ES-2 
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- . .  DER-IVATION OF TARGET CLEAN-UP-LEVELS FOR- Sol LS AT ~ - - - -  -- - - 

THE SOLAR EVAPORATION PONDS 

SECTION 1 . O  

INTRODUCTION 

1.1 BACKGROUND 

To support the development and evaluation of remedial alterna- 
tives for contaminated soils at the Solar Evaporation Ponds at 
the Rocky Flats Plant, remediation criteria (target clean-up 

soil that may pose potential human health risks. 

The July 1, 1988 closure plan assumes closure of the ponds as a 
landfill utilizing a cap to cover contaminated soil areas. The 

i extent of the cap was determined by the completed site charac- 
terization study presented in Appendix 6 of the closure plan 

: (DOE, 1988). Closing the solar ponds as a landfill with "con- 
taminated soil results in a unit which will require long-term 
institutional controls at the source area. These controls 

, levels) were derived for nonradiological contaminants in the 
i 

i 

would be required after the groundwater corrective action is 
complete. A remedial action for the solar pond area soils, 
such as removal, would allow for a "clean" closure of the 
source and, therefore, would eliminate the need for capping and 
long-term controls required for "dirty" closure. However, pur- 
suant to RCRA closure regulations for surface impoundments [40 

CFR (Code of Federal Regulations) 264.228(a) ( 1 1 1 ,  all contami- 
nated soils would have to be removed. This may prove to be 
impractical at the solar ponds. 

In order to make the closure consistent with remediation of 
CERCLA sites at the Rocky Flats Plant, it is proposed that the 

_- - - _ _ _  - - -  - -I - 
~ _ _  _ -  - - _  _ -  
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closure performance standards for the soil remedial action be ~ 

established by a risk-based process, which is discussed herein. 
The risk-based process would be conducted to establish allow- 
able soil concentrations that are protective of human health 
through all plausible routes of human exposure. Soil remedial 
actions for closure of the solar pond source areas would be 
targeted at achieving these risk-based closure performance stan- 
ards. This approach is also consistent with the closure per- 
formance standard presented in 4 0  CFR 264.1ll(b), which states 
that closure must minimize or eliminate, to the extent neces- 
sary to protect human health and the environment, any post- 
closure escape of hazardous constituents. 

Section 121 of CERCLA, as amended by SARA, requires that reme- 
dial actions of Superfund sites comply with applicable or rele- 
vant and appropriate requirements (ARARs) of Federal laws and 
more stringent, promulgated state laws. No Federal soil ARARs 

are available, nor have any soil clean-up objectives been estab- 
lished by the Colorado Department of Health. Consequently, 
remediation criteria or target clean-up levels were derived 
using risk-based techniques. 

The approach proposed herein to establish clean-up levels at- 
tempts to provide an organized and technically defensible pro- 
cess for establishing clean-up levels in soil which will ensure 
that potential receptors are afforded an acceptable level of 
protection. The Solar Pond Closure Plan, dated July 1, 1988, 
could be modified to include the recommendations of this risk- 
based assessment, with the existing capping alternative re- 
served as the contingency plan for closure in the event that 
further evaluations indicate that closure without a cap is not 
possible or practical. 

8337B 



1 . 2  S ITE DESCRIPTION AND HISTORY . _. . - _  

The Rocky Flats Plant is located in northern Jefferson County, 
Colorado, approximately 16 miles northwest of Denver (Figure 

. 1 - 1 ) .  Major buildings are located within the plant security 
area of approximately 4 0 0  acres. The security area is sur- 
rounded by a buffer zone of approximately 6 , 1 5 0  acres. This 
report addresses the solar evaporation ponds which are located 
on the north side of the perimeter security zone (PSZ) at the 
Rocky Flats Plant. There are three solar evaporation ponds 
designated as 207-A, 207-B ,  (divided into north, center, and 
south sections), and 207-C (Figure 1 - 1 ) .  

The original solar evaporation pond consisted of a single clay- 
lined impoundment constructed in December 1953  in the vicinity 
of the existing Pond 207-C. The clay-lined pond had two con- 
tainments measuring 1 0 0  by 2 0 0  feet and 2 0 0  by 2 0 0  feet, re- 
spectively, and was operated with both one and two cells until 
1 9 5 6  when its regular use was discontinued. However, at least 
one of the two cells held liquids at least once since 1 9 6 3 .  

This pond was removed in 1 9 7 0  when existing Pond 207-C was con- 
structed. 

Pond 207-A was placed in service in August 1 9 5 6 .  The pond was 
originally lined with asphalt planking approximately one-half 
inch thick. Ponds 207-B North, Center, and South were placed 
in service in June 1 9 6 0 .  These ponds were also lined with 
asphalt planking. Pond 207-C was placed in service in December 
1 9 7 0 .  The original lining is presumed to be the existing 
lining. Modifications to the ponds' linings have been made 
since the original construction because of cracking and 
slumping of the existing linings and leakage of the pond con- 
tents. Pond 207-A and the three 207-B ponds have been relined 
at least one time each. No records were located which indi- 
cated that Pond 207-C has been relined (DOE, 1 9 8 8 ) .  

- _ _  - -- -- - _ _  ~ - - -  _ _  ~ 
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During their period of operation, the solar evaporation ponds 
have received high nitrate, low-level radioactive process waste, 
and treated aluminum hydroxide waste. In addition, the solar 
evaporation ponds have received sanitary sewage sludge, lithium 
metal, sodium nitrate, ferric chloride, lithium chloride, sul- 
furic acid, ammonium persulfate, hydrochloric acid, nitric 
acid, hexavalent chromium, and cyanide solutions. To the 
extent possible, oils and solvents were not sent to the ponds 
so that surface scum would not hamper evaporation (DOE, 1987). 

- 

1.3 GENERAL APPROACH 

The approach to the derivation of target clean-up levels for 
soils at the solar evaporation ponds consists of four main 
steps. These steps are briefly described below. 

Identification of Site  Contaminants 

Recent sampling data are reviewed for all media which may have 
been impacted by contaminants from the solar evaporation ponds 
and potential site-associated chemicals are identified. The 
concentrations of chemicals reported in solar pond soils are 
compared with background concentrations. All potentially toxic 
chemicals which were reported above background and/or whose 
presence may otherwise be associated with previous disposal ac- 
tivities at the ponds are considered to be site contaminants. 

Exposure Assessment 

An exposure scenario is created which characterizes potential 
human receptors. Possible routes of exposure to contaminants 
are identified for these receptors. 

1-5 
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._ - - -  - -- _ _  - ~ I --- Toxicity Assessment. - ..- __ --  - ---  

Available U.S. EPA toxicity values (reference doses and carcin- 
ogenic potency factors) are identified for the site contami- 
.nants. Toxicity values are derived for chemicals when such 
values are unavailable. 

, Determination of Clean-up Levels 

Soil clean-up levels are derived based on the potential expo- 
sure routes identified in the Exposure Assessment and the 
toxicity values identified in the Toxicity Assessment. 
Clean-up levels are developed based on both carcinogenic and 
noncarcinogenic health effects taking into account the possible 
additive toxic effects of the site contaminants. 

The following sections (Sections 2 through 5 )  address these 
four steps,  respectively. 

i 

i 

1-6 
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IDENTIFICATION OF S I T E  CONTAMINANTS 

In this evaluation, all chemicals which may have been associated 
with previous disposal activities at the solar evaporation ponds 
and are associated with potential nonradiologic toxic effects 
are considered to be site contaminants. Although final target 
clean-up levels are not being determined for radionuclides at 
this time, the noncarcinogenic toxic properties of the radionu- 
clides were considered in determining clean-up levels for the 

i 
i 

i 
I 

I 
I other nonradiological contaminants. 
I 

Because soil and groundwater samples could not be collected di- 
rectly under the ponds, sampling data collected during 1987- 
1989 from media which may have been impacted by chemicals dis- 
posed in the ponds were reviewed to determine the potential 
site-associated chemicals (U.S. DOE, 1988; Volume 2, this docu- 

i: ment). The sampled media included sludge and sediments from 
the ponds, soil from the berms surrounding the ponds, and 

t downgradient groundwater. The 58 chemicals that were identi- 
1 

fied in these samples are listed in Table 2-1. 

1 

I Because this evaluation is concerned with determining soil 
clean-up levels for site-related contaminants only, the re- 

i 
i ported chemicals were screened to determine which chemicals may 

have been present as a result of previous disposal activities 
i I at the site. It was conservatively assumed that all of the 

organics reported in site-associated samples were site conta- 
I minants, even if they were not detected in soil samples collec- 
! ted around the ponds. Only five organic compounds (acetone, 

bis(2-ethylhexyl)phthalate, 2-butanone, ethylbenzene, methylene 
chloride, and toluene) were reported in samples from the soils 
surrounding the solar ponds. All but ethylbenzene and toluene 
were also reported in blanks. Because it i s  possible that the 
_o.rganics I that- were- reparted in site-r-elated -media -(e;-g; 7 -down- _ _  

8337B 
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Chemicals Reported in S o i l ,  Sludge, Sediment, and/or Ground- 
. water Samples Associated with the S o l a r  Evaporation Ponds 

i 

I 

f -: 

Orqanics Inorganic s 1 

Acetone 
Bis(2-ethylhexy1)phthalate 
2-But anone 
Carbon tetrachloride 
Chloroform 
1,l-Dichloroethane 
1,2-Dichloroethane 
1,l-Dichloroethene 
Ethylbenzene 
Methylene chloride 
Tetrachloroethene 
Toluene 
l,l,l-Trichloroethane ~ 

1,2-Trichloroethane 
Trichloroethene 
Vinyl chloride 

Radionuclides 

Americium 241 
Cesium 137 
Plutonium 239, 240 
Radium 226 
Radium 228 
Strontium 89, 90 
Tritium 
Uranium 233, 234 
Uranium 235 
Uranium 238 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Bicarbonate 
Cadmium 
Calcium 
Chlor ide 
Chromium 
Cobalt 
Copper 
Cyanide 
Iron 
Lead 
Lithium 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Nitrate-Nitrite (as N) 
Phosphate 
Potassium 
Selenium 
Silver 
Sodium 
Sulfate 
Sulfide 
Thallium 
Vanadium 
Zinc 

The inorganics were assayed for as "total." Specific chem- 
ical species were not identified. 
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_g.radient_ groundwater 1 ._may be -pr_esent beneath th-e ponds, 
because there were no background soils data available 
organics, all of the reported organic compounds were 
sidered to be site contaminants. 

The inorganics, which naturally occur in the environment, 

and 
for 

con- 

and 
the radionuclides, were screened further. Only the inorganics 
and radionuclides that were reported in the soil samples col- 
lected around the solar ponds at concentrations that were above 
background were considered to be site contaminants. On-site and 
background samples were collected from the four general soil 
types that are present at the solar pond site: alluvium, col- 
luvium, claystone, and sandstone. The background samples were 
collected from soils located in the plant buffer zone to the 
southwest and northeast of the plant. Solar pond soils data 
were available for all of the inorganics and radionuclides lis- 
ted in Table 2-1, with the exceptions of bicarbonate, chloride, 
phosphate, and sulfate. Background soils data were not avail- 
able for these chemicals or for cyanide. The complete set of 
soil sampling data, including the data for the inorganics, ra- 
dionuclides, and organics, is presented in Volume 2 according 
to soil type. Chemicals were analyzed in accordance with the 
methodology presented in the quality assurance and control plan 
for the plant restoration program (Rockwell International, 
1989). 

To determine which inorganics and radionuclides were above 
background in solar pond soils, the maximum concentration re- 
ported for each chemical in each solar pond soil type was first 
compared with either the upper limit of the 95 percent tolerance 
interval or the maximum concentration of the corresponding back- 
ground soil type samples. It is ap2ropriate to use the upper 
limit of the 95 percent tolerance interval of the background 
data for comparison only if a chemical is detected in 50 percent 
or greater of the background samples. Therefore, if a chemical 

~ ~- ..___ - - _-  - . -- _ _ .  - - ~ 1  _ _  _ _  l-_l - 

2-3 

8337B 



B 

was detected in fewer than 50 percent of the background-samples. _ -  . 

the maximum concentration of the chemical reported in the 
background samples was used for comparison. The 95 percent 
tolerance interval represents a statistical range of concen- 
trations that contains 95 percent of the population with 95 
percent confidence, based on a normal data distribution. The 
methodology used to calculate the upper limit of the tolerance 
interval is described in Appendix A. 

If the maximum concentration of a chemical in each soil type 
were equal to or less than the upper limit of the 95 percent 
tolerance interval/maximum concentration for the corresponding 
background samples, the chemical was considered to be within 
the background range and consequently was eliminated as a site 
contaminant. The chemicals that were eliminated as a result of 
this initial comparison with background were cesium, molybde- 
num, silver, tin, radium 2 2 6 ,  radium 2 2 8 ,  and sulfide. Because 
background data were unavailable for cyanide, it was retained 
as a site contaminant. The background values that were used 
for comparison are presented for the inorganics and radio- 
nuclides by soil type in Appendix B, Tables B-1 through B-12. 

Even if two data sets are taken from the same population, it i s  
possible for the maximum concentration of one data set to exceed 
the upper limit of the 95 percent tolerance interval of the 
second data set. Therefore, for those chemicals for which the 
maximum on-site concentration exceeded the upper 95 percent 
tolerance interval of the background data, other factors were 
taken into consideration in deciding if the chemicals were above 
background. These factors, which are presented for the inor- 
ganics and radionuclides by soil type in Appendix B, Tables B-1 
through B-12, included the number of on-site samples that were 
above background, the average Concentration of the values that 
were reported above background, and the maximum concentration 
reported above background, On the basis of an evaluation 
(i .e. ; weighing) o-f the'se- factors, the following chemicals were- - -  -- 

2-4  



also eliminated as site contaminant.s;_- aluminum, --_an_timony-,-_ _ _  . - 

cobalt, copper, magnesium, manganese, zinc, and uranium 235. 

The chemicals that were considered to be above background in 
.one or more soil types are listed in Appendix B, Table B-14. The 
chemicals that were eliminated as site contaminants based on a 

comparison with background are summarized in Table B-13. Table 
B-13 also presents the specific reason(s) that each of the 
chemicals was eliminated. 

Although judged to be above background, several inorganic chem- 
icals were eliminated from the final list of site contaminants 
because they are assayed for primarily as general quality indi- 
cators, and because they are not, in general, of toxic concern 
(i.e., their toxicity is very low). These inorganics were cal- 
cium, potassium, and sodium. Bicarbonate, chloride, and phos- 
phate, for which there were no soils data, were eliminated from 
the final list of site contaminants for the same reason. Al- 
though iron, nitrate, and sulfate also have a l o w  toxicity, 
they were considered as site contaminants because they are more 
toxic than the aforementioned chemicals and because of their 
site history. Although relatively nontoxic compared with other 
heavy metals, iron is potentially more toxic than the chemicals 
that were eliminated based on low toxicity (i.e., calcium, so- 
dium, etc.). Both nitrate and sulfate are sufficiently toxic 
for their toxic effects to have been the primary basis for de- 
veloping Maximum Contaminant Levels (MCLs) for drinking water 
(primary MCL for nitrate, secondary MCL for sulfate). In addi- 
tion, iron (as ferric chloride), nitrate (as sodium nitrate) 
and sulfate-containing chemicals (sulfuric acid, ammonium per- 
sulfate) were reportedly disposed in the ponds, and could, 
therefore, be present at levels of concern in the soil beneath 
the ponds. 

Of the radionuclides, only uranium w2.s considered as a site 
contaminant at this time. As stated -in-the introduction,- this - -I - - - 
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report does not address clean-up levels for radiologic contami- 
nants based on radiotoxicity. However, the noncarcinogenic 
health effects of radionuclides (i.e., chemotoxicity) are con- 
sidered when determining clean-up levels for the nonradiologi- 
cal noncarcinogenic site contaminants. Based on the surveyed 
literature, of the radionuclides, only uranium has evidence of 
chemotoxic health effects that are of potential concern, hav- 
ing been associated with chemotoxicity to the kidneys (EPA, 

1 9 8 5 a ) .  Data concerning the possible chemotoxic health effects 
of the other radionuclides that were reported above background 
are lacking. 

Finally, in addition to the organic chemicals detected in sam- 
pled media, polycyclic aromatic hydrocarbons (PAHs) were also 
considered to be site contaminants. PAHs were not reported 
above detection limits in the soil samples that were collected 
surrounding the ponds. Nevertheless, because the solar ponds 
were lined with asphalt and also received sanitary waste, it is 
possible that some PAHs which are common contaminants of asphalt 
and sewage, may have leached in to the soil beneath the ponds. 
Target clean-up levels were, therefore, also determined for 
PAHs, 

The solar pond site contaminants for which soil clean-up con- 
centrations were developed are presented in Table 2 - 2 .  
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Table 2-2 

Solar Pond Site Contaminants 

Organics Inorganics 

Acetone 
Bis(2-ethylhexy1)phthalate 
2-Butanone 
Carbon tetrachloride 
Chloroform 
1,l-Dichloroethane 
1,2-Dichloroethene 
1,l-Dichloroethene 
Ethylbenzene 
Methylene chloride 
PAHS 
Tetrachloroethene 
Toluene 
l,l,l-Trichloroethane 
1,1,2-Trichloroethane 
Trichloroethene 
Vinyl chloride 

Arsenic 
Barium 
Beryl 1 ium 
Cadmium 
Chromium 
Cyanide 
Iron 
Lead 
Lithium 
Mercury 
Nickel 
Nitrate-Nitrite 
Selenium 
S t r ont ium 
Sulfate 
Thall ium 
Vanadium 
Uranium1 

1 

Uranium (as total uranium) is listed in the remainder of 
the report with the nonradiologic inorganics, because only 
its chemotoxic properties are being considered at this time. 

i 
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- - - -  - - -  - - SECTION 3.0 __ 

! 

t 

i 

EXPOSURE ASSESSMENT 

3.1 HYPOTHETICAL EXPOSURE SCENARIO 

To determine target clean-up levels, a hypothetical exposure 
scenario was created based on future land use potential. It 
was assumed that in the future a residential development might 
be located on, and in the area surrounding, the solar evapora- 
tion pond site. This scenario is consistent with previous U.S. 
EPA and Colorado Department of Health (CDH) guidance regarding 
an appropriate future use scenario for the Rocky Flats Plant 
site. Prior to the preparation of a draft risk assessment for 
the 881 Hillside at the Rocky Flats Plant, a meeting was held 
on November 9, 1987 at the offices of U.S. EPA-Region VI11 
between representatives of EPA-Region VIII, CDH, and Rockwell 
International. The- use of a housing development scenario to 
evaluate potential future human health risks posed by contam- 
inants at the Plant site, was agreed upon by those in atten- 
dance. Although this is not necessarily a most probable land 
use scenario for this site, it is expected to represent a worst 
case e.xposure scenario. Therefore, choosing clean-up levels 
based on a residential scenario wouid be expected to be protec- 
tive of potential receptors in other scenarios (e.g., workers 
in an industrial or commercial setting). 

It was assumed that an individual lives at the site over a 70 
year lifetime and that exposure to contaminants in the soil 
potentially occurs on a daily basis through five exposure 
routes: 

e Incidental soil ingestion; 

e Ingestion of vegetables grown in contaminated soil; 
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0 Dermal contact with soil; 

0 Inhalation of airborne contaminated soil; and 

0 Inhalation of vapors. 

These exposure routes are discussed in greater detail in Sec- 
tion 5 . 0 .  Exposure to contaminants through groundwater usage 
was not considered in this evaluation. The reasons for the 
elimination of this pathway are discussed in the following sub- 
sect ion. 

3.2  GROUNDWATER PATHWAY 

Exposure to contaminants through groundwater usage was not 
considered in the determination of clean-up levels. The yield 
from both the shallow and deep aquifers underlying the solar 
evaporation ponds is expected to be too low for the aquifers 

i to be a practical source of water for residential (or com- 
mercial/industrial) use. 

i 

The uppermost aquifer at the solar evaporation ponds is defined 
in Section E of the Rocky Flats Plant Post-Closure Care Permit 
Application (DOE, 1988) as saturated surficial materials in- 
cluding Rocky Flats alluvium, disturbed alluvium, colluvium, 
and North Walnut Creek valley fill alluvium. In addition, the 
uppermost aquifer includes outcropping weathered claystones and 
those sandstones and weathered claystones of the Arapahoe For- 
mation which subcrop beneath the surficial materials within the 
waste management area. Any sandstone which does not meet this 
criteria but is hydraulically connected with sandstones that 
subcrop beneath the surficial materials within the waste man- 
agement area are also considered part of the uppermost aqui- 
fer. Each subcropping or hydraulically connected sandstone is 
part of the uppermost aquifer to such depth where the sandstone 

- . .- - - I -_ - - - -  _ .  . -  
~ - .  - _ _  - - - I  ~ 
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.. pinches str at igr aphical ly-. Subcropp-ing weathered - claystones - - 
are a part of the uppermost aquifer to the base of weathering. 

Although the surficial materials as well as subcropping and 
-interconnected bedrock units present beneath the solar evapora- 
tion ponds are defined as the uppermost aquifer for ground- 
water monitoring purposes, they do not meet the definition of 

i 
1 an "aquifer" as defined in 4 0  CFR.  Because of their insuffi- 

cient saturated thickness and low conductivity, it is unlikely 
that these units will be developed for consumptive groundwater 

i 

use. 

An uppermost aquifer is defined in 4 0  CFR Part 260.10 as "the 
; geologic formation nearest the natural ground surface that is 

an aquifer, as well as lower aquifers that are hydraulically 
interconnected with this aquifer within the facility's property 
boundary. I '  

f 5 Aquifer is defined in 4 0  CFR Part 270.2 as "a geological forma- 
tion, group of formations, or part of a formation that is capa- 

I ble of yielding a significant amount of water to a well or 
spring . " 

% 
I I 

> A "significant source of ground water" as used in 4 0  CFR Part 
I 191 (Environmental radiation protection standards for manage- 

ment and disposal of spent nuclear fuel, high-level and trans- 
1 uranic radioactive wastes) means: 
; 

i 

( 1 )  an aquifer that: 

! 

(1) is saturated with water having less than 10,000 
milligrams per liter of total dissolved solids; 

(ii) is within 2,500 feet of the land surface; 

. . ... .. . .. ____.._I_. .~ _ _  . . . . __ .I 
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. _ _ _  - - -  (iii> has- a transmissivity greater than 2 0 0  gallons 
per day per foot, provided that any formation or part 
of a formation included within the source of ground- 
water has a hydraulic conductivity greater than 2 gal- 

lons per day per square foot ( 5 . 3  x centimeters 
per second (cm/sec)); and 

(iv) is capable of continuously yielding at least 
10,000 gallons per day (6.9 gallons per minute) to a 
pumped or flowing well for a period of at least a 
year; or 

an aquifer that provides the primary source of water 
for a community water system as part of the effective 
date of this subpart. 

Surficial materials beneath the solar evaporation ponds do not 
qualify as an aquifer because they are not continuously satur- 
ated. Based on 1988 water level data, areas of unsaturated 
surficial materials are present to the south, east, northeast, 
and northwest of rhe ponds (DOE, 1988). Thus, these materials 
are incapable of yielding significant amounts of water to a 
well as defined in 4 0  CFR Part 191 and do not constitute an 
aquifer . 

Bedrock materials beneath the solar evaporation ponds consist 
of silty sandstones, siltstones, and claystones with low hy- 
draulic conductivities. Drawdown-recovery tests, slug tests, 
and packer tests have been conducted on bedrock materials at 
the solar evaporation ponds to evaluate hydraulic conductivi- 
ties. Based on analyses of available test data, the average 
hydraulic conductivity o f  the bedrock units is as follows: 

Silty Sandstones - 5 x cm/sec 
(1.9 x gallons per day per 
square foot -(gal/dayLft 1) _ _  - - I -  2 
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Siltstone - 7 x I O - ~  cm/sec - - - - _ _ _  - - -  

2 ( 2 . 7  x loe4 gal/day-ft 1 

Weathered Claystone - 4 x cm/sec 
2 (1.5 x gal/day-ft 1 

A comparison of these results with the requirements for a "sig- 
nificant amount of water" indicates that these units do not 
meet the definition of an aquifer. Additional slug and pump 
tests are currently being performed at the solar evaporation 
ponds on newly installed wells in both surficial and bedrock 
materials, and this analysis will be reevaluated upon comple- 
tion of the current investigations. 

Due to the partially saturated conditions within surf icial ma- 
terials and the low hydraulic conductivities of bedrock mater- 
ials in this area, it is unlikely that either o f  these units 
will ever be developed for groundwater use. Therefore, the 
groundwater pathway will not be considered in determining soil 
clean-up levels. 

3-5 
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TOXICITY ASSESSMENT 

In a risk assessment, carcinogenic and noncarcinogenic risks are 
evaluated using human health toxicity values (i.e., reference 
doses and carcinogenic potency factors). Similarly, when de- 
termining target clean-up levels based on health risk, these 
toxicity values are factored into the algorithms that are used 
to computate acceptable soil concentrations. This section pre- 
sents a discussion of the toxicity values that are used in the 
calculation of target clean-up levels in Section 5 . 0 .  The ap- 
proach to developing the toxicity values was previously pro- 
vided in a memo to Rockwell International. A copy of this memo 
is included in Appendix C .  

i 

, 

I 

I 

2 1 

f -  In determining clean-up levels, both carcinogenic and noncar- 
cinogenic health effects must be considered. Excessive exposure 
to all chemicals can potentially produce noncarcinogenic health 
effects, while the potential for carcinogenic effects is limited 
to exposure to certain substances. Therefore, it was necessary 
to identify and select noncarcinogenic risk-based toxicity 
values (reference doses) for each of the contaminants and to 
identify and select carcinogenic risk-based toxicity values 
(carcinogenic potency factors) for those chemicals having evi- 
dence of carcinogenicity. 

Carcinogenic potency factors (CPFs) and reference doses (RfDs) 
are developed for specific exposure routes. Oral values were 
therefore used to evaluate the incidental soil ingestion and 
vegetable ingestion exposure routes and inhalation values were 
used to evaluate exposure through the inhalation of airborne 
contaminated soil and the inhalation of vapors. T:?ere were no 
toxicity values available for the dermal route and there were 
inadequate data from which to derive dermal values. Therefore, 
the most conservative available -val-ue-for -a- chemical, -inhala- --- 
tion or oral, was used to evaluate exposure through dermal con- 
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tact with soil. With the exceptions -of mercury and cyanide; - - - -  - _ _  

the dermal absorption of the inorganic contaminants from a soil 
matrix is expected to be negligible, and was not considered in 
determining target cleanup levels. Because sewage sludge was 
-disposed in the solar ponds (DOE, 1987), it is possible that 
any mercury present in the ponds may have become biotransformed 
to an organic form. Because alkyl mercury compounds are lipid 
soluble, significant dermal absorption of mercury could poten- 
tially occur. Similarly, cyanides are moderately lipid-soluble, 
which allows them to penetrate the skin (ATSDR, 1988a). 

4.1 CARCINOGENIC POTENCY FACTORS 

Eighteen of the site contaminants have been categorized as car- 
cinogens (i.e., classified in Groups A, B, or C)  by the U.S. 
EPA. Although lead i s  classified by the U.S. EPA as a carcino- 
gen (Group B2>, EPA recommends that its carcinogenicity not be 
quantitated 
unc er t a int y 
stated that 
that at low 
est concern 
lead is not 
carcinogenic 

for the purpose of risk assessment because of the 
of its carcinogenic potency. However, EPA has 
lead does not appear to be a potent carcinogen and 
doses "the non-cancer effects of lead are o f  great- 
for regulatory purposes" (EPA, 1988). Therefore, 
considered in determining clean-up levels based on 
risk. The 17 carcinogenic chemicals addressed in 

this evaluation and their U.S. EPA and IARC (International 
Agency for Research on Cancer) carcinogenicity classifications 
are presented in Table 4-1. An explanation o f  the U.S. EPA and 
IARC carcinogenicity classification systems is presented in 
Table 4 - 2 .  

Potency factors for benzo(a)pyrene were used to evaluate the 
carcinogenic PAHs. Benzo(a)pyrene is one of the most potent 
carcinogens of the PAHs that have been tested for carcino- 
genicity, The use of the potency factors for benzo(a)pyrene to 
represent all carcinogens is expected to provide a conservative 
estimate of health protective cTean-up levels for-PAHs. 

__ - - -  - 
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EPA and IARC Categorizations of the 
Carcinogenic Site Contaminants 

i 

EPA Carcinogenicity IARC Carcinogenicity 
Chemical Category1 Category2 

Organics 

Bis(2-ethylhexy1)phthalate 
Carbon tetrachloride 
Chloroform 
1,l-Dichloroethane 
1,2-Dichloroethane 

I 1,2-Dichloroethene 
Methylene chloride 
PAHs (carcinogenic) 
(as benzo(a)pyrene) 

Tetrachloroethene 
1,1,2-Trichloroethane 
Trichloroethene 

! 

J 

i Vinyl chloride 

Inorganics 

Arsenic 
Be ry 1 1 i urn 
Cadmium 
Chromium (VI) 
Nickel 

! 

B2 
B2 
B2 
~ 2 3  
B2 
C 
B2 

B2 
C 
B2 
A 

A 
B2 
~ 1 5  
As 
As 

2B 
2B 
2B 
NL 
2B 
NL 
3 

2 ~ 4  
2B 
3 
3 
1 

1 
2A 
2A 
1 
1 

! 

'Reference: EPA, 1989a. 
f 'Reference: WHO, 1987. 
7 3Classification is for the oral route. 1,l-Dichloroethane is not cur- 

rently categorized by EPA as to its carcinogenicity through tne 
inhalation route. 

this evaluation as benzo(a)pyrene (see text, Subsection 4.1). 

for the toxicity of this chemical by the oral route (EPA, 1989a). 

4Classification is for benzo( a)pyrene. 

5Classification is for the inhalation route. 

NL - Not listed. 

Carcinogenic PAHs are treated in 

There are inadequate data 
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Table 4-2 

EPA and IARC Categorizations of Carcinogens 
Based on Human and Animal Evidence 

EPA Categorization of Carcinogens’ 

Animal Evidence 
Sufficient Limited Inadequate No Data NO Evidence 

Human Evidence 

Sufficient 
Limited 
Inadequate 
No data 
No evidence 

Key: 

Group A - 

Group B1 - 

Group B2 - 

Group C - 

Group D - 

Group E - 

A A 
B1 B1 
B2 C 
B2 C 
B2 C 

A A A 
B1 B1 B1 
D D D 
D D E 
D D E 

Human carcinogen (sufficient evidence from epidemiological 
studies). 

Probable human carcinogen (at least limited evidence of carcino- 
genicity to humans). 

Probable human carcinogen (a combination of sufficient evidence 
in animals and inadequate data in humans). 

Possible human carcinogen (limited evidence in animals in the 
absence of human data). 

Not classified (inadequate animal and human data). 

No evidence for carcinogenicity (no evidence for carcinogenicity 
in at least two adequate animal tests in different species, or in 
both epidemiological and animal studies). 

IARC Categorization of Carcinogens’ 

Group 1 - Human carcinogen (sufficient evidence of carcinogenicity in 
humans ) . 

I Group__2A - - _Probable. human carcinogen- (1irnited.elridence -of carcinogenicity in 
humans and sufficient evidence of carcinogenicity in experimental 
animals ) . 
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- -  _ _ _  -- - - -- - 
Table 4-2 
(continued) 

IARC Categorization o f  Carcinogens2 

Group 2B - Possible human carcinogen (limited evidence of Carcinogenicity 
in humans and insufficient evidence of carcinogenicity in exper- 
imental animals: insufficient evidence o f  carcinogenicity in hu- 
mans and sufficient evidence of carcinogenicity in experimental 
animals; or insufficient evidence o f  carcinogenicity in humans 
and limited evidence of carcinogenicity in experimental animals, 
with supporting evidence from other relevant data). 

Group 3 - Not classifiable (substances in this category 
any other category). 

Group 4 - Probably not carcinogenic to humans. 

do not fall into 

lEPA, 1986c 
2WH0, 1987 

i 
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- Current qral and -inhalation.__potency factors were available for 
most of the contaminants. In the absence of current oral and 
inhalation potency factors for benzo(a)pyrene, older previously 
developed factors were used. Neither current nor older inhala- 
tion potency factors were available for bis(2-ethyhexy1)phtha- 
late and 1,l-dichloroethane. Because organic compounds are us- 
ually well absorbed through both the oral and inhalation 
routes, their systemic toxic effects through both routes are 
usually similar. Therefore, in the absence of inhalation po- 
tency factors for bis(2-ethyhexy1)phthalate and 1,l-dichloro- 
ethane, the current oral potency factors were used for the 
inhalation route. 

The carcinogenic potency factors used in determining soil 
clean-up levels based on carcinogenic risk are presented in 
Table 4 - 3 .  

4 . 2  REFERENCE DOSES 

The toxicity values used to evaluate the potential for noncar- 
cinogenic health effects are generically referred to in this 
document as reference doses (RfDs). The term reference dose was 
developed by EPA to refer to a daily intake of a chemical to 
which an individual can be exposed over a given length of time 
without any reasonable expectation of noncarcinogenic adverse 
health effects occurring. The term is used in this assessment 
to apply to any established or derived value fitting this de- 
scription. Unlike the approach used in evaluating carcinogenic 
risk, it is assumed for noncarcinogenic health effects that a 
threshold dose exists below which there is no appreciable po- 
tential for toxicity. 

Because the soil clean-up levels are intended to protect indi- 
viduals for exposure periods of up to a lifetime, chronic RfDs 
were used to derive target soil concentrations. Current chronic 
oral--reference d o s e s  were -available for 2 5  of the 35 site -con-- -- - - - 

taminants (EPA, 1989a). An older oral RfD was used for tri- 
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Carcinogenic Potency Factors 
(mg/kg/day 1 

Chemic a1 Orall Inhalation1 Dermal2 

Or qani c s 

8337B 

Bis(2-ethylhexyl) 
phthalate 
Carbon tetrachloride 
Chloroform 
1,l-Dichloroethane 
1,2-Dichloroethane 
1,l-Dichloroethene 
Methylene chloride 
PAHs(carcin0genic) 

(as benzo(a)pyrene) 
Tetrachloroethene 
1,1,2-Trichloroethane 
Trichloroethene 
Vinyl chloride 

Inorqanics 

Arsenic 
Beryllium 
Cadmium 
Chromium (VI) 
Nickel 

1.40E-02 
1.30E-01 
6.10E-03 
9.10E-02 
9.10E-02 
6.00E-01 
7.50E-03 
1.15E+015 

5.10E-02 
5.70E-02 
1.10E-02 - 
2.30E+00 

1. 75E+006 
4 .30E+007 
NA 
NA 
NA 

1. 40E-023 
1.30E-01 
8.10E-02 
9. 10E-023 
9.10E-02 
1.20E+00 
1. 65E-034 
6. 10E+005 

1.40E-02 
1.30E-01 
8.10E-02 
9.10E-02 
9.10E-02 

7.50E-03 
1.15E+01 

1.20E+00 

3.30E-03 5.10E-02 
5.70E-02 5.70E-02 
1.70E-02 1.70E-02 
2.95E-01 2.30E+00 

5.00E+01 NC 
8.40E+00 NC 
6.10E+00 NC 
4,10E+01 NC 
8.40E-01 NC 

lUnless otherwise noted, the source of the potency factor is EPA, 

2The dermal potency factor represents the highest (i.e. r most con- 

3The oral potency factor was used. 
4Converted from a unit risk factor of 4.7E-07 (ug/m3)-l by 

1989a. 

servative) available potency factor, oral or inhalation. 

assuming the inhalation of 20 m3/day and a body weight of 70 kg 
(EPA, 1989d). 

for benzo(a)pyrene (EPA, 1989a). In the absence of a current 
value, a previously calculated potency factor was used (EPAr 1986c) 

1989~) assuming the consumption of 2 liters of water/day and a 
body weight of 70 kg (EPA, 1989d). 

5A carcinogenic potency factor is not currently available from EPA 

6Calculated from a potency factor of 5 x 10-5 (ug/l)-l (EPA, 

7Reference: IRIS, 1990. 

NA - Not applicable, There is inadequate evidence__fo-r- the_-carcino- 

NC - Chemical is not of concern through this exposure route (see 
genicity of this-chemical by the oral route (EPA, 1989a). 

text, Section 4.0). 
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_ _  - chloroethene.._ Oral _RfDs_ were _d-e_rived - f o r -  the -remaining nine- . 

chemicals (iron, lead, lithium, strontium, sulfate, uranium, 
1,2-dichloroethane, PAHs, and vinyl chloride) based on available 
health-based standards or toxicological information. The ap- 
.proaches used to derive oral RfDs for these chemicals are de- 
scribed in Appendix D. 

i 

d 
F 

i 

Current chronic inhalation RfDs were available for only six 
contaminants (EPA, 1989a): barium, 2-butanone, 1,l-dichloro- 
ethane, methylene chloride, toluene, and l,l,l-trichloro- 
ethane. With the exception of lithium, inhalation RfDs were 
derived for the rest of the contaminants based on a threshold 
limit value-time weighted average (TLV-TWA) developed by the 
American Conference of Industrial Hygienists (ACGIH, 1989). A 
TLV-TWA is intended to protect healthy workers from adverse 
health effects when repeatedly exposed to a substance in the 
workplace air for 8 hours/day, 5 days/week. Because the TLV- 
TWA for some chemicals may be based on an endpoint other than 
chronic noncarcinogenic effects (e.g., acute irritation, car- 
cinogenicity), the data on which each TLV-TWA was based were 
reviewed to ensure that the TLV-TWA was an appropriate value 
from which to derive an inhalation RfD (ACGIH, 1986). However, 
since TLV-TWAs are based on the most sensitive endpoint, the 
derived RfDs are expected to be protective of potential noncar- 
cinogenic adverse health effects. The equation used to derive 
inhalation RfDs from TLV-TWAs is presented in Table 4-4. 

The inhalation RfD for PAHs was based on the TLV-TWA for naph- 
thalene, incorporating an uncertainty factor of 100 to take into 

! 

consideration possible differences in noncarcinogenic effects 
between naphthalene and the PAHs which may be present on site. 

TLV-TWAs were not available for nitrate, strontium, sulfate, or 
uranium, nor were there any data in the surveyed literature from 
which to derive inhalation RfDs. Therefore, the TLV-TWA for 

- . - - - _x -  _ _  - - - -  - - _  _ _  -. . - --_ - 
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Table 4-4 

Approach to Deriving an Inhalation Reference 
Dose (R fD)  From a Threshold Limit Value- 

Time Weighted Average (TLV-TWA) 

r 
i Inhalation 

(mg/kg/day) 
Rf D 

where: 

Inhalation RfD 

TLV-TWA 
I 

Air breathed t per work day 
C 

i 

Work week 
ad] us tment 
factor 

i 

Body weight 

i Uncertainty 
! factor1 
! 

Air breathed Work week 
TLV-TWA x per work day x adjustment - 
(mq/m3 ) (m3/day 1 factor 

Body weight (kg) x Uncertainty factor 

Inhalation reference dose. 

Threshold limit value-time weighted average 
(ACGIH, 1989). 

10 m3. 
deriving an inhalation acceptable chronic intake 
(AIC) for the public from worker exposure levels 
(EPA, 1984a). 

This value has been used by EPA when 

5 days/7 days. Because the TLV-TWA is based 
on a 5-day work week, an adjustment was made to 
average the daily dose over a 7 day week. 

70 kg (weight of an average adult) (EPA, 1989d). 

100. An uncertainty factor of 1 0  was applied 
to account for human variation (i.e., to 
protect sensitive members of the general 
population) (EPA, 1989d). An additional 
modifying factor of 10 was included to take 
into account a continuous exposure for a 
resident (versus an intermittent exposure for 
a worker) and a lifetime exposure for a 
resident (versus a less than lifetime exposure 
for a worker). Uncertainty factors of 10 to 100 
have been used by government agencies when 
deriving public health criteria from TLV-TWAs 
(EPA, 1984a; MDNR, 1989; PAMS, 1983). 

lSee Appendix D for a discussion of uncertainty factors. 

4-9 
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"par-ticulates _not_ otherwise xlassifiedl'--was. used- as-3- default- -I ._  . 

value from which to derive inhalation RfDs for these con- 
taminants. Although a TLV-TWA was available for lithium hy- 
dride, it was not used to derive the inhalation RfD for lith- 
.ium. The reason for not using this TLV-TWA and the approach 
used to derive the inhalation RfD for lithium are presented in 
Appendix D .  

Oral and (derived) inhalation RfDs for hexavalent chromium 
(chromium VI) were used to determine soil clean-up levels for 
chromium. Chromium can exist in the environment in several 
valence states, trivalent being the most common. However, be- 
cause hexavalent chromium was reportedly disposed of in the so- 
lar evaporation ponds (DOE, 1987), and because hexavalent chro- 
mium is more toxic than the trivalent form, the RfDs for hexa- 
valent chromium were used. 

The R f D s  that were used in determining soil clean-up levels 
based on noncarcinogenic health risk are presented in Table 4 - 5 .  
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_ _ _  - _ _ _  - - _ _  . _ _ _ _  SECTIONS-4 - - 

CALCULATION OF TARGET CLEAN-UP LEVELS 

In this section, clean-up levels are derived 
neath and surrounding the solar evaporation 

~- . . . - - .  -- 

FOR SOIL 

for the soils be- 
ponds. In deter- 

mining clean-up levels based on carcinogenic and noncarcin- 
ogenic risks, it is assumed that the risks posed by individual 
contaminants are additive. This approach is in accord with 
current EPA guidance for assessing the total risk posed by the 
simultaneous presence of multiple substances (EPA, 1989d). Ac- 
cording to EPA, if chemicals were assessed separately, it could 
significantly underestimate total risk in cases where additive 
interactions between chemicals might potentially occur. It is 
recognized by the Agency that this approach might also under- 
estimate risk in-cases where synergistic interactions might oc- 
cur or overestimate risk in cases where antagonistic interac- 
tions are possible or where chemicals act independently. How- 
ever, in the absence of information regarding the interactions 
of contaminants in a specific mixture found at a particular 
site, it is recommended by U.S. EPA that the additive approach 
be used (EPA, 1986a, 1989d). Because there is no information 
regarding the interactions of chemicals in mixtures similar to 
those found in solar pond s o i l s ,  the additive approach was fol- 
lowed in determining risk-based clean-up levels. 

Because sampling data were not available for the soils directly 
beneath the ponds, clean-up levels for these soils were calcu- 
lated based on the assumption that all of the site contaminants 
may simultaneously be present beneath the ponds. Consequently, 
the clean-up levels derived for these soils represent the low- 
est calculated clean-up concentrations, since they take into 
account the potential additive toxicity of all 3 5  site contam- 
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- inants- - Clean-up -levels based on the carcinogenic and noncar- 
cinogenic risk posed by all of the site contaminants are de- 
rived in Subsections 5.1 and 5 . 2 ,  respectively. Final clean-up 
levels based on the presence of all site contaminants are pre- 
sented in Subsection 5.3. 

Although it is possible that all of the site contaminants may 
be present beneath the solar ponds, based on the available soil 
sampling data (see Volume 2), it does not appear that all of 
the organic site Contaminants are present throughout the soils 
surrounding the solar ponds. Similarly, all of the inorganic 
site contaminants do not appear to be present above background 
at all soil sampling locations. Therefore, different clean-up 
levels may have to be derived for different sections of the 
site. The approach to deriving location-specific clean-up lev- 
els is presented in Subsection 5 . 4 .  

5.1 DETERMINATION OF CLEAN-UP LEVELS BASED ON THE CARCINOGENIC 
RISK POSED BY ALL SITE CONTAMINANTS 

5.1 .I General Approach 

This subsection presents the general approach of the model used 
in calculating target clean-up levels based on potential car- 
cinogenic risk. Details of the methodology are presented in 
Subsections 5.1.2 and 5.1.3. The model was based on a pre- 
selected risk criterion established during the July 14, 1989 
preliminary meeting between Rockwell International and WESTON 
at the Rocky Flats Plant. At that time a total cancer risk of 

(one in one million) for all contaminants combined was 10 

chosen as the clean-up goal for carcinogenic contaminants. 

-6 

Soil concentrations were first calculated for each carcinogen, 
allowing each chemical a total risk of 10 (one in ten mil- 
lion) through all exposure routes. The soil concentration that 
would- pose ap10-7- risk -through ea-ch-key exposure route was de- 

-7 

- 
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-7 termined for each contaminant. The -10 _--risk- sois .concentra- - - 

tion for each exposure route was then used to calculate a 
risk soil concentration for each contaminant through all 

exposure routes combined. 

As previously discussed, it is assumed in determining clean-up 
levels that the carcinogenic risk posed by individual 
contaminants is additive. Because there are 17 carcinogenic 
contaminants being evaluated (see Table 4-l), assigning a 

to each carcinogenic maximum target risk level of 10 
chemical results in a total carcinogenic risk of approx- 
imately 1.7 X To achieve a clean-up goal of a 
cancer risk, the lo-’ risk soil concentration for each con- 
taminant was divided by 1.7. 

-7 

Risk S o i l  Concentrations f o r  In- -7 5.1.2 Determination of 10 
dividual Exposure Routes 

This subsection presents the mathematical models that were used 
to determine the risk soil concentrations for each con- 
taminant through individual exposure routes. The models are 
presented in tabulated form. Each table includes the defini- 
tion of the variables for the exposure route and the assump- 
tions used in the model. Additional information regarding the 
assumptions is presented in the text. The approach used to de- 
rive the models is presented in Appendix E, Section E.1. 

To simplify the calculations used in determining clean-up lev- 
els based on lifetime carcinogenic risk, exposure factors that 
are appropriate for calculating estimated daily intakes of con- 
taminants by adults were used. Carcinogenic risk is expressed 
as risk posed over a lifetime of exposure. In calculating car- 
cinogenic risk, risk due to childhood exposure is considered to 
be additive to the risk due to adult exposure, with both 
childhood and adult risk being proportional to estimated daily 
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- -intakes- and exposure of--dur-ation. Although the estimated daily 
intakes of a child are usually greater than those of an adult 
on a body weight basis (see Subsection 5.2.21, because of the 
relatively short duration of childhood exposure, the increased 
daily intakes during childhood usually have only a small effect 
on overall lifetime carcinogenic risk. Because the major con- 
tribution to lifetime risk results from adult exposure, the ex- 
posure factors for the adult were used in preference to those 
for the child in simplifying the calculation of cancer risk- 
based clean-up levels. 

5.1.2.1 Incidental S o i l  Ingestion 

The ingestion of contaminants present in soil can potentially 
occur indirectly through the placing of dirt-covered hands or 
objects (e.g., cigarettes) in the mouth. The model and assump- 
tions that were used to calculate the soil concentration of 
contaminants that pose a cancer risk through incidental 
soil ingestion are presented in Table 5-1. 

Residents are most likely to come into contact with soil during 
the months in which climatic conditions are conducive to out- 

I door yard activities. In Colorado, the exposure period is as- 
sumed to be approximately ten months (i.e., 4 0  weeks/year). The 

risk contaminant concentrations in soil which pose a 10 
through incidental s o i l  ingestion are presented in Table 5-2. 

-7 

I 

5.1.2.2 Vegetable Ingestion i 

It is possible that residents could be indirectly exposed to 
soil contaminancs through the ingestion of vegetables grown in 
contaminated soil in a home garden. Although a variety of veg- 
etables may potentially be raised by a resident, in this as- 

sessment root vegetables (e.g., carrots) where chosen to calcu- 
late target soil concentrations. Because root vegetables are 

- _I - . - - - -- - - -- _ _  . - __ - _ _ _ -  _ _  - -- 
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Model for Determining the Soil Concentration 
of a contaminant Posing a 10-7 Cancer 
Risk Through Incidental Soil Ingestion 

‘soil 

RISK x BW 
- - 

SIR x OPF x W/Y x CF 

Variables: 

%oil = Contaminant concentration in the soil (mg/kg). 
RISK = Carcinogenic risk over a 70 year lifetime (unit- 

less). 
BW = Body weight (kg). 
SIR = Soil ingestion rate (mg/day). 
OPF = Oral carcinogenic potency factor (mg/kg/day)-l. 
W/Y = Number of weeks exposed per year (weeks/year). 
CF = Conversion factors (10-6 kg/mg; 1 year/52 weeks). 

Assumptions: 

The carcinogenic risk (RISK) is 10-7 (one in ten million). 
The body weight (BW) of an average adult is 70 kg (EPA, 
1989d). 
The soil ingestion rate (SIR) of an adult is 100 mg/day 
(EPA, 1989b). 
The oral carcinogenic potency factor (OPF) for each con- 
taminant is presented in Table 4-3. 
An individual is exposed 4 0  weeks per year ( W / Y > .  
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Soil Concentrations Posing a 10-7 Cancer 
Risk Through incidental Soil Ingestion 

i 
1 
i 

Chemical 
Soil Concentration 

(mg/kg 1 

Orqanics 

Bis(2-ethylhexy1)phthalate 
Carbon tetrachloride 
Chloroform 
1,l-Dichloroethane 
1,2-Dichloroethane 
1,l-Dichloroethene 
Methylene chloride 
PAHs (carcinogenic) (as benzo(alpyrene1 
Tetrachloroethene 
l,l,Z-Trichloroethane 
Trichloroethene 
Vinyl chloride 

Inorganics 

J Arsenic 
Beryllium 

6.50E+00 
7.00E-01 
1.49E+01 
laOOE+OO 
l.OOE+OO 
1.52E-01 
1.21E+01 
7.91E-03 
1178E+00 
1,60E+00 
8,27E+00 
3.96E-02 

5.20E-02 
2.12E-02 

! 
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grown directly in the soil, they are likely to have the greatest 
potential for the accumulation of soil contaminants. 

The model and assumptions that were used to calculate the con- 
centrations of contaminants that pose a 10 -7 cancer risk 
through vegetable ingestion are presented in Table 5-3. The 
approaches used to calculate root uptake factors for root vege- 
tables are presented in Appendix F. All input factors used in 
the computations were expressed in or adjusted for wet weight. 
A wet weight root vegetable ingestion rate was calculated based 
on an average dry weight root vegetable ingestion rate for 
adults aged 25-65 years (EPA, 1986b), adjusted for a moisture 
content of 8 8 . 2  percent (based on carrots) (Baes et al., 1 9 8 4 ) .  

It was assumed that 50 percent of all root vegetables consumed 
during the year are homegrown. It has been reported that ap- 
proximately 60 percent of the vegetables consumed by rural farm 
households are raised in home gardens (EPA, 1986a). It is ex- 
pected that the typical suburban household grows a substantially 
smaller percentage of their vegetables than a rural farm house- 
hold. However, a conservative value of 50 percent was used in 
this assessment to compensate for any additional exposure to 
contaminants that a resident might receive as a result of the 
ingestion of other types of homegrown produce (e.g., leafy veg- 
etables, garden fruits). 

risk -7 The contaminant concentrations in soil which pose a 10 
through vegetable ingestion are presented in Table 5-4.  

5 . 1 . 2 . 3  Dermal Contact With S o i l  

In addition to posing the potential for the indirect ingestion 
of contaminants, contact with soil may also pose the potential 
for the absorption of contaminants through the skin. The model 
and assumptions that were used to calculate the concentrations 

- -~ - . -  - _ _  - ~ - -  - - -  
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Model for Determining the Soil Concentration 
of a Contaminant Posing a 10-7 Cancer 

Risk Through Vegetable Ingestion 

RISK x BW 

VIR x FR x RUF x OPF x CF 
- %oil - 

Variables: 

Csoi1 
RISK 

BW 
VIR 
FR 

RUF 
OPF 
CF 

Contaminant concentration in the soil (mg/kg). 
Carcinogenic risk over a 70 year lifetime (unit- 
less). 
Body weight (kg). 
Root vegetable ingestion rate (g/day). 
Fraction of vegetables that are homegrown (unit- 
less). 
Root uptake factor (unitless). 
Oral carcinogenic potency factor (mg/kg/day)-l. 
Conversion factor ( kg/g) . 

Assumptions: 

(1) The carcinogenic risk (RISK) is (one in ten million). 
(2) The body weight (BW) of an average adult is 70 kg (EPA, 

( 3 )  The root vegetable ingestion rate (VIR) for an adult is 

( 4 )  The fraction of vegetables that is homegrown (FR) is 0 . 5 0  

( 5 )  The root uptake factor (RUF') for each contaminant is pre- 

( 6 )  The oral carcinogenic potency factor (OPF) for each contam- 

1 9 8 9 d ) .  

1 4 . 9  g/day (see text, Subsection 5 . 1 . 2 . 2 ) .  

(see text, Subsection 5 . 1 . 2 . 2 ) .  

sented in Appendix Table F-2. 

inant is presented in Table 4 - 3 .  

8337B 
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Soil Concentrations Posing a 10-7 Cancer R i s k  
Through Vegetable Ingestion 

Chemic a1 
Soil Concentration 

(mg/kg 1 

Orqanics 

Bis(2-ethylhexy1)phthalate 
Carbon tetrachloride 
Chloroform 
1,l-Dichloroethane 
1,2-Dichloroethane 
1,l-Dichloroethene 
Methylene chloride 
PAHs (carcinogenic) (as benzo(a)pyrene) 
Tetrachloroethene 
1,1,2-Trichloroethane 
Trichloroethene 
Vinyl chloride 

Inorqanics 

Arsenic 
Beryllium 

3.56E-01 
4.88E-03 
6.583-02 
5.02E-03 
2.92E-03 
1.58E-03 
2.45E-02 
8.02E-03 
4,35E-02 
7.15E-03 
9.36E-02 
4.98E-04 

7.58E-01 
1.23E+00 
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of contaminants that pose a cancer risk through--dermal -- - 

contact with soil are presented in Table 5-5. 

There are few data regarding the absorption of chemicals from a 

two percent of soil-bound dioxins are absorbed through the skin 
(Poiger and Schlatter, 1980; Shu et al., 1988). In the absence 
of specific skin absorption data for the site contaminants, an 
absorption factor of two percent (0.02) was used for all of the 
organic chemicals, as well as for mercury and cyanide. 

I -soil matrix. Studies have indicated that approximately one to 
i 

I The amount of soil adhering to skin has been reported to range 
from approximately 0.5 to 2.77 mg soil/cm2 skin (Schaum, 

i 1984; EPA, 1989d). A value of 1.45 mg/cm2 which has been 
estimated for commercial potting soil, and which is close to 
the midpoint of the range, was used in this evaluation. Only 

i the hands and arms were assumed to be exposed to soil during 
outdoor activities; the average of the upper extremities' sur- 

# face area for adult males and females was used (Anderson et 

al., 1985). The duration of exposure was assumed to be the 

i 

same as that for incidental soil ingestion (i.e., 40 weeks/ 
year). 

risk -7 The contaminant concentrations in soil which pose a 10 
through dermal contact with soil are presented in Table 5-6. 

5.1.2.4 Inhalation of Airborne Contaminated S o i l  

Residents can potentially be exposed to contaminants through 
the inhalation of dusts generated from contaminated soil. The 
model and assumptions that were used to determine the contami- 

cancer risk nant concentrations in soil that pose a 10 
through the inhalation of airborne contaminated soil are pre- 
sented in Table 5-7. 

-7 

- It' was assumed that an individual could potentially'be exposed ~ - -  

to airborne contaminated soil on a 24-hour basis. Although an 
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Model for Determining the Soil Concentration 
of  a contaminant Posing a 10-7 Cancer 
Risk Through Dermal Contact With S o i l  

RISK x BW 
- %oil - 

ESA x SA x AF x DPF x W/Y x CF 

Variables: 

Csoi1 
RISK 
BW 
ESA 
SA 
AF 
DPF 
W/Y 
CF 

= Contaminant concentration in the soil (mg/kg). 
= Carcinogenic risk over a 70 year lifetime (unitless). 
= Body weight (kg). 
= Exposed skin surface area (cm2/day). 
= Skin adherence factor (mg/cm2). 
= Dermal absorption factor (unitless). 
= Dermal potency factor (mg/kg/day)-l. 
= Number of weeks exposed per year (weeks/year). 
= Conversion factors (10-6 kg/mg; 1 year/52 weeks). 

Assumptions: 

( 2 )  The body weight (BW) of an average adult is 70 kg (EPA, 

(3) The exposed skin surface area (ESA) is 2,980 cm2/day (see 

( 4 )  The skin adherence factor (SA) is 1 . 4 5  mg/cm2 (see text, 

( 5 )  The dermal absorption factor (AF) is 0.02 'see text, Sub- 

( 6 )  The dermal carcinogenic potency factor (DPF) for each con- 

(7) An individual is exposed 4 0  weeks per year ( W / Y ) .  

I (1) The carcinogenic risk (RISK) is (one in ten million). 

1989d). 

text, Subsection 5.1.2.3). 

Subsection 5.1.2.3). 

section 5.1.2.3). 

I taminant is presented in Table 4-3. 
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Table 5-6 

Soi I Concentrat ions Posing a Cancer Risk 
Through Dermal Contact With Soil 

Chemic a 1 
Soil Concentration 

(mg/kg 1 

Orqani cs 

Bis(2-ethylhexy1)phthalate 
Carbon tetrachloride 
Chloroform 
1,l-Dichloroethane 
1,2-Dichloroethane 
1,l-Dichloroethene 
Methylene chloride 
PAHs (carcinogenic) (as benzo(a)pyrene) 
Tetrachloroethene 
1,1,2-Trichloroethane 
Trichloroethene 
Vinyl chloride 

7.53Et-00 
8.llE-01 
1.30E+00 
1.16E+00 
1.16Et00 

1.41E+01 

2.07E+00 

8.79E-02 

9.17E-03 

1.85E+00 
6.20E+00 
4.59E-02 
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Table 5-7 

Model fo r  Determining the S o i l  Concentration of a 
Contaminant Posing a Cancer R i s k  Through 
the Inhalation of Airborne Contaminated S o i l  

RISK x C R F  - %oil - 
I'iTRF x F1 x PMlOEF x ASP x CF 

Variables: 

%oil = Contaminant concentration in the soil (mg/kg). 
RISK = Carcinogenic risk over a 70 year lifetime (unitless). 
CRF = Climatic region factor (unitless) 
IURF = Inhalation unit risk factor (ug/m3)-l 
F1 = Unscaled concentration due to a unit erosion rate 

PMlOEF = PMlO (respirable size-particles) _emission factor 

ASP = Area of the solar ponds (m2) 
CF = Conversion factors (10-3 g/mg; loe6 kg/mg; lhr/ 

(ug/m3 1 / ( g/sec ) 

(mg/m2/hr 1 

3,600 sec). 

Assumptions: 

(1) The carcinogenic risk (RISK) is (one in ten million). 
(2) The climatic region factor is 0 . 2 6 2  for climatic region 2 

(3) The inhalation unit risk factor (IURF) for each contaminant 

( 4 )  F1 is 2.978 and 4.789 for climatic regions 2 and 3, re- 

( 5 )  The PMlO emission factor (PMIOEF) is 4,097 mg/m2/hr. 

(6) The area of the solar ponds (ASP) is 25,086 m2 (esti- 

and 0.396 for climatic region 3 (EPA, 198533). 

is presented in Table 5-8. 

spectively. 

(The PMlOEF is derived in Appendix G. 

mated), 
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inhalation Unit Risk Factors f o r  the 
Carcinogenic site Contaminants’ 

Unit Risk 
Chemical ( ug/m3 -1 

Organics 

Bis(2-ethylhexy1)phthalate 
Carbon tetrachloride 
Chloroform 
1,l-Dichloroethane 
1,2-Dichloroethane 
1,l-Dichloroethene 
Methylene chloride 
PAHs (carcinogenic) (as benzo(a)pyrene) 
Tetrachloroethene 
l,f,2-Trichloroethane 
Trichloroethene 
Vinyl chloride 

Inorqanics 

Arsenic 
Beryllium 
Cadmium 
Chromium (as VI) 
Nickel 

4. OE-062 
1.5E-05 
2.3E-05 
2, 6E-052 
2.6E-05 
5,OE-05 
4.7E-07 
1.7E-033 
9.5E-07 
1.6E-05 
1.7E-06 
4 2E-05 

4.3E-03 
2.4E-03 
1.8E-03 
1.2E-02 
2. 4E-044 

IRisk posed by an air concentration of 1 ug/m3, assuming 

2Neither an inhalation potency factor nor an inhalation unit 

continuous lifetime exposure. Reference: EPA, 1989a except 
where noted otherwise. 

risk factor was available. The unit risk was calculated based 
on the oral otency factor (EPA, 1989a), assuming the inhala- 

3EPA does not currently list an inhalation unit risk factor 
or any potency factors for benzo(a)pyrene (EPA, 1989a). 
The unit risk factor was derived from a previously listed 
inhalation potency factor (EPA, 1986c), by assuming the 
inhalation of 20 m3/day and a body weight of 70 kg (EPA, 
1989d). 

tion of 20 m f; /day and a body weight of 70 kg (EPA, 1989d). 

4Value is for nickel refinery dust. 
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individual would not be outdoors all day., 
ter a residence through open windows and 
contaminated soil can be tracked into the 

airborne- s o l 1  -c_an- en_ .. - - _ _  
doors. In addition, 
house and then become 

resuspended. Because the Rocky Flats Plant is lccated on the 
.border of climatic regions 2 and 3 as defined by U.S. EPA (EPA, 

1985b), two sets of risk soil concentrations were cal- 
culated using climatic region factors and F1 factors that are 
specific to these regions, respectively. F1 which is defined 
as an unscaled concentration due to a unit erosion rate (i.e., 
a normalized ambient concentration for a unit emission rate) 
was the maximum value from a 100 M x 100 M fine grid (EPA, 
1985b). 

-7 The contaminant concentrations in soil which pose a 10 can- 
cer risk through the inhalation of airborne contaminated soils 
are presented in Table 5-9.  The most conservative soil concen- 
trations (i.e., those calculated using climatic region 3 fac- 
tors) were used in Section 5.1.3 to determine the soil concen- 
trations Sased on all exposure routes combined. 

5.1.2.5 Inhalation of Vapors 

In addition to being exposed to airborne contaminants through 
the inhalation of dusts, residents may also be exposed to air- 
borne contaminants through the inhalation of vapors resulting 
from the volatilization of contaminants from surface soils. 
Only the organic site contaminants are considered through the 
inhalation of vapors exposure route, because these are the site 
contaminants that may undergo substantial volatilization. 

The model and assumptions that were used to determine the con- 
taminant concentrations in soil that pose a cancer risk 
through the inhalation of vapors are presented in Table 5-10. 
The approach to deriving Fa, the fraction of the contaminant 
released to the air during 70 yeazs, is described in Appendix H. 

- __. - -__ - - ._ . - - - - - ~- - 
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Soil Concentrations Posing a 10-7 Cancer Risk 
Through the Inhalation of Airborne Contaminated S o i l  

Chemic a 1 
s o i l  Concentr at ion1 

(mg/kg 1 
Region 2 Region 3 

Orqanics 

Bis(2-ethylhexy1)phthalate 
Carbon tetrachloride 
Chloroform 
1,l-Dichloroethane 
1,2-Dichloroethane 
1,l-Dichloroethene 
Methylene chloride 
PAHs (carcinogenic) 

(as benzo(a)pyrene) 
Tetrachloroethene 
1,1,2-Trichloroethane 
Trichloroethene 
Vinyl chloride 

Inorqanics 

Arsenic 
Beryl 1 ium 
Cadmium 
Chromium (as  VI) 
Nickel 

1.76E-01 
3,39E+02 
1,94E+01 
1,82E+02 
7,40E+00 

7.09E-02 
1.29E-01 
1.73E-01 
2.56E-02 
1.29E+00 

1.65E-01 
3.19E+02 
1,82E+01 
1,71E+02 
6.95E+00 

6.66E-02 
1.22E-01 
1.62E-01 
2.40E-02 
1.22E+00 

lcalculated using climatic region factors and F1 factors 
for regions 2 and 3 (see text, Subsection 5 . 1 . 2 . 4 ) .  
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Table 5-10 

Model for Determining the S o i l  Concentration 
of  a Contaminant Posing a l ow7  Cancer Risk  

Through the Inhalation of Vapors 

.L RISK x T 
- - Csoil 

IURF x Psoi1 x ASP x Fa x L x X/Q x CF 

Variables: 

Csoi1 
RISK 
T 

1 IURF 
Psoil 
ASP 

f 

i Fa 

L 

a 

CF 

Contaminant concentration in the soil (mg/kg). 
Carcinogenic risk over a 70 year lifetime (unitless). 
Time after the waste is applied to the soil (sec). 
Inhalation unit risk factor (ug/m3)-l. 
Density of the soil (g/cm3 . 
Fraction of the contaminant released to the air 
during 70 years (unitless). 
Depth of contaminated soil (cm). 
Contaminant concentration in air/emissions rate 
(ug/mW(g/sec). 
Conversion factors (10-4 cm2/m2; 10-6 (g/g)/mg/kg) . 

Area of the solar ponds (m 4 1. 

7 

I 

Assumptions: 

(2) The time after the waste is applied to the soil (T) is 
equal to a 70 year lifetime, 2.21 x lo9 sec. 

(3) The inhalation unit risk factor (IURF) for each contaminant 

the density reported (Pscyl) is 
is presented in Table 5-9. 

(4) The density of the soil 
for packed dry earth, 1.5 g/cm (Baumeister et al., 1978). 

( 5 )  The area of the solar ponds (ASP) is 25,086 m2 (esti- 
mated). 

( 6 )  The fraction of the compound released to the air during 70 
years (Fa) is presented in Appendix Table H-1. 

( 7 )  The depth of contaminated soil (L) is 121 cm (estimated). 
(8) The contaminant concentration in air/emissions rate ( X / Q )  

is approximatel 2.978 (ug/m3)/g/s) for clinatic region 2 

i (1) The carcinogenic risk (RISK) is (one in ten million). 

I 

and 4,789 (ug/m Y ) / ( g / s )  for climatic region 3 (EPA, 1985b). 
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As in the case of- the inhalation of contaminated airborne soil 
risk soil concentrations exposure route, two sets of 10 

were calculated. The two sets were based on X/Q factors for 
climatic regions 2 and 3, respectively. The most conservative 

! soil concentrations (i.e., those based on the climatic region 3 
factor) were used in Section 5.1.3 to determine the soil con- 
centrations based on all exposure routes combined. A l s o ,  as in 
the case of contaminated airborne soil, it is assumed that an 
individual could potentially be exposed to volatilized contami- 
nants for 2 4  hours per day. 

- I  

? 

1 

-7 

cancer risk through the inhalation of vapors are presented in 
Table 5-11. 

I The contaminant concentrations in soil which pose a 10 
I 

! 

k 5.1.3 Determination of Soi I Concentrations Posing a 10 -7 
Cancer R i s k  Through A l l  Exposure Routes Combined i 

t 

For each carcinogenic site contaminant, the soil concentration 2 
1 
f -7 that poses a 10 lifetime cancer risk through all - exposure 

risk soil routes combined was determined based on the 
concentrations calculated in Section 5.1.2 for the individual 
exposure routes. The following equation was used to calculate 
multiroute 10 risk soil concentration for each chemical 
(Rosenblatt et al., 1982). 

, 

-7 

where, 

CCS-C = The contaminant concentration in soil posing a 
- I  10 cancer risk through all exposure routes 

combined (mg/kg). 

= The contaminant concentration in soil posing a 
-7 cS I 

- ~ 10 - cancer risk-through incidental - soil -in- 
gestion (mg/kg). 
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Table 5-11 

Soi 1 Concentrat ions Posing a 10-7 Cancer Risk 
Through the Inhalation of Vapors 

Chemical 

s o i l  Concentration1 

Region 2 Region 3 
(mg/kg 1 

Orqanics 

Bis(2-ethylhexy1)phthalate 
Carbon tetrachloride 
Chloroform 
1,l-Dichloroethane 
1,2-Dichloroethane 
1,l-Dichloroethene 
Methylene chloride 
PAHs (carcinogenic) 

(as benzo( alpyrene) 
Tetrachloroethene 
1,1,2-Trichloroethane 
Trichloroethene 
Vinyl chloride 

lCalculated using X/Q estirriated for climatic regions 2 and 3 
(see text, Subsection 5.1.2.5). 
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CVI 

'DC 

'IS 

cIv 

= The contaminant - -concentration in soil--posing- EL- -- - --- 

risk through vegetable -7 10 cancer 
ingestion (mg/kg). 

The contaminant concentration in soil posing 
a 10 cancer risk through dermal contact 
with soil (mg/kg). 

- - 
-7 

- - The contaminant concentration in soil posing 
cancer risk through the inhalation -7 a 10 

of airborne contaminated soil (mg/kg). 

The contaminant concentration in soil posing 
cancer risk through the inhalation a 10 

of vapors (mg/kg). 

- - 
-7 

The algebraic expression, as described by Rosenblatt et al., 
accounts for the fact that to protect human health, the recep- 
tors should not receive a combined daily dose from all exposure 
pathways in excess of the dose on which the target risk level 
is based. The equation adjusts the soil concentrations such 
that the individual pathways of exposure (e.g., incidental soil 
ingestion, dermal contact, etc.) taken together provide the 
receptor with the target dose value. As Rosenblatt et a l .  ex- 
plains, "this calculation is similar to the addition of elec- 
trical resistances in parallel DC circuits. " In computing the 
total resistance (Rtotal ) for several resistances connected 

is equal to the sum of the inverses of the individual resist- 
ances (l/Px) in the circuit: 

in parallel, the inverse of the total resistance (l/Rtotal 1 

1 + . . . .  1 - = 1  - + -  1 - 

Rtotal R1 R2 % 

The soil concentration of each contaminant which poses a loP7 
cancer risk through--alT exposure rout-es combined is presented- 
in Table 5-12. The risk soil concentrations for indivi- 

. _-_ . . - - . 
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Soil Concentrations Resulting in a 1.7 x 
Total Cancer Risk from A l l  Contaminants 
Through AI I Exposure Routes Combinedl 

Chemic a 1 
Soil Concentration 

(mg/kg) 

Orqanics 

Bis(2-ethylhexy1)phthalate 
Carbon tetrachloride 
Chloroform 
1,l-Dichloroethane 
1,2-Dichloroethane 
1,l-Dichloroethene 
Methylene chloride 

Tetrachloroethene 
1,1,2-Trichloroethane 
Trichloroethene 
Vinyl chloride 

\ PAHs (carcinogenic) (as benzo(a)pyrene) 

Inorganics 

Arsenic 
Beryl 1 ium 
Cadmium 
Chromium (as VI) 
Nickel 

3.22E-0 1 
4.81E-03 
6.20E-02 
4.97E-03 
2.91E-03 
1.54E-03 
2.45E-02 
2.73E-03 
4.16E-02 
7.08E-03 
9.llE-02 
4.87E-04 

2.81E-02 
1.78E-02 
1.62E-01 
2.40E-02 
1,22E+00 

Based on the additivity of the risk of all 17 carcinogens, 
each of which poses a IOv7 cancer risk. 

8337B 
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dual carcinogens would result in a total (additive) cancer _.__ - risk 
of 1.7 in one million ( 1 . 7 E - 0 6 )  for all contaminants through all 
exposure routes combined. Because the target clean-up goal is 
a total cancer risk, the risk soil concentrations 
were divided by 1.7. The soil concentrations which result in a 
total (additive) cancer risk of are presented in Table 

- -  - 

5-13. 

9 

5.2 DETERMINATION OF CLEAN-UP LEVELS BASED ON THE NONCARCINO- 
GENIC RISK POSED BY ALL SITE CONTAMINANTS 

5.2.1 General Approach 

This subsection presents the general approach of the model used 
in determining target clean-up levels for soil based on poten- 
tial noncarcinogenic risk, The approach based on noncarcino- 
genic risk parallels the approach used for determining clean-up 
levels based on carcinogenic risk (see Subsection 5.1). The 

details of the methodology are presented in Subsections 5.2.2 
and 5.2.3. 

For noncarcinogenic risk the clean-up goal was a hazard index 
(HI) of one. The hazard index is the sum of the hazard quo- 
tients (i.e., the estimated daily intake (dose) to reference 
dose ratios) for all of the contaminants through all exposure 
routes combined. In assessing noncarcinogenic risk, a hazard 
index of one or less is considered to be acceptable. If the 
hazard index exceeds one, it indicates that there might be the 
potential for adverse noncarcinogenic health effects occurring. 
Unlike the method used to evaluate the potential for carcino- 
genic toxicity, the hazard index does not indicate the proba- 
bility of adverse health effects occurring, but is used as a 
benchmark for determining where there is a potential concern. 
The hazard index approach for evaluating noncarcinogenic risk 
was developed by the U . S .  EPA (EPA, 1989d). Theoretically, 
only the hazard quotients for chemicals that produce- the- same - - -  - - 

toxicological endpoint by the same mechanism should be added in 
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Soil Concentrations Resulting in a 1.0 x 
Total Cancer Risk from A l l  Contaminants 
Through A l l  Exposure Routes Combined 

Soil Concentration 
Chemica 1 (mg/kg 1 

Orqanics 

Bis(2-ethylhexy1)phthalate 
Carbon tetrachloride 
Chloroform 
1,l-Dichloroethane 
1,2-Dichloroethane 
1,l-Dichloroethene 
Methylene chloride 
PAHs (carcinogenic) ( a s  benzo(a1pyrene) 
Tetrachloroethene 
1,1,2-Trichloroethane 
Trichloroethene 
Vinyl chloride 

Inorqanics 

Arsenic 
Beryllium 
Cadmium 
Chromium (as VI) 
Pv’ickel 

1.89E-01 
2.83E-03 
3.65E-02 
2.93E-03 
1.71E-03 
9.05E-04 
1.44B-02 
1.61E-03 
2.45E-02 
4 17E-03 
5.36E-02 
2.86E-04 

1-65E-02 
1.05E-02 
9.54E-02 
1.4I.E-02 
7.16E-01 

Based on the additivity of the risk of a l l  17 Carcinogens, 
each of which poses a cancer risk of approximately 5.88 x 
10-8, 

8337B 
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_. - calculating - a hazard index. However, to simplify the calcula- 
tions, it was assumed that the hazard quotients for all of the 
site contaminants are additive. The determination of clean-up 
levels based on the segregation of contaminants according to 
their mechanism of toxic action is briefly discussed in Subsec- 
tion 5.4.3. 

To determine soil clean-up levels based on noncarcinogenic 
risk, each contaminant was allowed a soil clean-up level which 
would result in the sum of the hazard quotients for all expo- 
sure routes being equal to 1/35. Because there are 35 site 
contaminants, this would ensure that the hazard index would not 
exceed one. Soil contaminant concentrations were first deter- 
mined for each exposure route based on a hazard quotient of 
l/n, where n is the number of contaminants being evaluated for 
the exposure route, The soil concentrations based on individual 
exposure routes were then used to determine the clean-up level 
based on all exposure routes combined. 

5.2.2 Determination of Clean-up Levels Based on Noncarcino- 

genic Risk through Individual Exposure Routes 

This subsection presents the mathematical models that were used 
to determine soil concentrations for individual exposure routes 
based on noncarcinogenic health risk. The models are presented 
in tabulated form. Each table includes the definition of the 
variables for the exposure route and the assumptions used in the 
model. Additional information regarding the assumptions are 
presented in the text. The derivation of the models is pre- 

I sented in Appendix E, Section E . 2 .  

The exposure factors that were used for the receptor (i-e., 
resident) were those for a child aged 1-6 years. In a risk as- 
sessment, hazard indices are calculated separately for children 
and adults. However, unlike the approach used to evaluate car- 
cinogenic - risk, in which chi-ldhood-and- adult risks are added to 
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give a lifetime cancer _risk _(see_-Subsection 5-. L 2 . L  childhood--- - - - -  

and adult hazard indices are not additive (i.e., they are not 
combined to give the equivalent of a lifetime noncarcinogenic 
risk). It is assumed in evaluating the potential for noncar- 
cinogenic health effects, that if a hazard index exceeds one at 
any period in an individual's lifetime (e.g., childhood or 
adulthood), there may be the potential at that time for adverse 
health effects occurring. As a result of their smaller body 
size and behavior patterns (e.g., tendency to put objects in 
their mouth), young children usually receive a larger intake of 
contaminants per unit body weight (i,e., dose) than adults. 
Because a child's intake is expected to be greater than an 
adult's, and the same reference doses are used to evaluate both 
the child and adult, the child's hazard index is likely to be 
higher than that of the adult. By basing the clean-up levels 
on a child's intake, the adult as well as the child will be 
protected. 

With the exception of the receptor-specific factors (i.e., 
child versus adult), the assumptions that were made for each 
exposure route were the same as those used in the models based 
on carcinogenic risk. The body weight for the child 
used in each model was calculated based on the average 
centile) body weights reported for male and female 
aged 1 to 6 years (Anderson et al., 1 9 8 5 ) .  

which is 
(50 per- 
children 

5.2.2.1 Incidental Soil Ingestion 

The model and assumptions that were used to calculate soil con- 
centrations based on noncarcinogenic risk posed by incidental 
soil ingestion are presented in Table 5-14. The exposure period 
was assumed to be the same as that for the adult (i.e., 4 0  

weeks/year). The soil concentrations calculated on the basis 
of noncarcinogenic risk through incidental soil ingestion are 
presented in Table 5-15. 

__-___ - --- - - -  _ _ _  ~ - - - - - - - - _ _  
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Model for Determining the Soil Concentration 
of a Contaminant Representing Protection from 

Noncarcinogenic Risk Posed by incidental Soil Ingestion 

ORE'D x HQ x BW 

SIR x W/Y x CF 
- - %oil 

Variables: 

%oil = Contaminant concentration in the soil (mg/kg) 
ORFD = Oral reference dose (mg/kg/day) 
HQ = Hazard quotient (unitless) 
BW = Body weight (kg) 
SIR = Soil ingestion rate (mg/day) 
W/Y = Number of weeks exposed per year (weeks/year) 
CF  = Conversion factor kg/mg; 1 year/52 weeks) 

Assumptions: 

(1) The oral reference dose ( O R F D )  for each contaminant is pre- 

(2) The hazard quotient (HQ) is 1/35. 
(3) The body weight (BW) of an average child aged 1-6 years is 

16 kg (Anderson et al., 1985). 
(4) The soil ingestion rate (SIR) of a child is 200 mg/day 

(EPA, 198930). 
(5) An individual is exposed 40 weeks per year (W/Y). 

sented in Table 4-5. 

5-26 
8337B 



S o i l  Concentrations Representing Protection from 
Noncarcinogenic Risk Posed by Incidental Soil Ingestion 

Soil Concentration 
Chemic a 1 (mg/kg ) 

Orqanics 

Acetone 
Bis(2-ethylhexy1)phthalate 
2-Butanone 
Carbon tetrachloride 
Chloroform 
1,l-Dichlorothane 
lr2-Dichloroethane 
1,l-Dichloroethene 
Ethylbenzene 
Methylene chloride 
PAHs (total) 
Tetrachloroethene 
Toluene 
l,l,l-Trichloroethane 
lr1,2-Trichloroethane 
Trichloroethene 
Vinyl chloride 

Inorqanics 

Arsenic 
Barium 
Beryl 1 ium 
Cadmium 
Chromium (as VI) 
Cyanide 
Iron 
Lead 
Lithium 
Mercury 
Nickel 
Nitrate-Nitrite 
Selenium 
Strontium 
Sulfate 
Thallium 
Uranium 
Vanadium - __ - -~ -~ - 

2,97E+00 
1.49E+02 
1449E+01 
2.97E+00 
1.49E+01 
5.94E+01 
8,91E+03 
4.16E-01 
7,13E+01 
8.91E-01 
5,94E+01 
2.97E+02 
8,91E+00 
4,75E+00 
2,llE+04 
2.08E-01 
1.78E+00 2;-~8E+01.. - --- - - 
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- - 5-2-2.2 Vegetable lnqestion - - ~- - .  

The model and assumptions used in calculating soil concentra- 
tions based on (root) vegetable ingestion are presented in 
Table 5-16. A wet weight root vegetable ingestion rate was 
calculated based on an average dry weight root vegetable inges- 
tion rate for a 2-year old (EPA, 1986b), adjusted for a moisture 
content of 88.2 percent (based on carrots) (Baes et al., 1984). 

I The soil contaminant concentrations that were calculated based 
t 

on noncarcinogenic risk posed through vegetable ingestion are 
presented in Table 5-17. i 1 

5.2.2.3 Dermal Contact With Soil 

The model and assumptions that were used to calculate soil con- i 
f centrations based on noncarcinogenic risk posed by dermal con- 

tact with soil are presented in Table 5-18. The hand and arm 
i surface area for the child was calculated based on data pre- 

sented in Anderson et al. (1985) for male and female children 
aged two through seven years. The soil contaminant concentra- 
tions that were calculated on the basis of noncarcinogenic risk 
posed by dermal contact with soil are presented in Table 5-19. 

I 

5.2.2.4 Inhalation of Airborne Contaminated Soil 

The model and assumptions that were used to calculate soil con- 
centrations based on noncarcinogenic risk through the inhalation 
of airborne contaminated soil are presented in Table 5-20. Be- 
cause climatic region 3 factors were shown in Subsection 5.1.2.4 
to result in the most conservative soil concentrations, and be- 
cause the most conservative soil concentrations are used in de- 
termining final clean-up levels, climatic 3 factors were used 
in the calculations. The calculated soil concentrations based 
on the inhalation of contaminated soil are presented in Table 

I 

I - - . _- __ - - - - - . - - -  _ _  - - - -_ -5-21 .- 
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Table 5-16 

Model for  Determining the S o i l  Concentration 
o f  a Contaminant Representing Protection from 

Noncarcinogenic Risk Posed by Vegetable Ingestion 

ORFD x HQ x BW 

VIR x FR x RUF x CF 
- - %oil 

Variables: 

%oil = Contaminant concentration in the soil (mg/kg). 
ORFD = Oral reference dose (mg/kg/day). 
HQ = Hazard quotient (unitless). 
BW = Body weight (kg). 
VIR = R o o t  vegetable ingestion rate (g/day). 
FX = Fraction of vegetables that are homegrown (unit- 

less). 
RUF = Root uptake factor (unitless). 
CF = Conversion factor kg/g). 

Assumptions: 

(1) The oral reference dose (ORFD) for each contaminant is pre- 
sented in Table 4-5. 

(2) The hazard quotient (HQ) i s  1/35. 
( 3 )  The body weight (BW) of an average child aged 1-6 years is 

16 kg (Anderson et al., 1 9 8 5 ) .  
( 4 )  The root vegetable ingestion rate (VIR)  for a child is 6 . 3  

g/day (see text, Subsection 5 . 2 . 2 . 2 ) .  
( 5 )  The fraction of vegetables that is homegrown (FR) is 0.50 

(see text, Subsection 5 . 2 . 2 . 2 ) .  
( 6 )  The root uptake factor (RUF) for each contaminant is pre- 

sented in Appendix F ,  Table F - 2 .  
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Table 5-17 

Soi I Concentrations Representing Protection from 
Noncarcinogenic Risk Posed by Vegetable Ingestion 

Chemic a1 
Soil Concentration 

( mg/kg 1 

Or qani cs 

Acetone 
Bis(2-ethylhexy1)phthalate 
2-Butanone 
Carbon tetrachloride 
Chloroform 
1,l-Dichlorothane 
1,2-Dichloroethane 
1,l-Dichloroethene 
Ethyl benz ene 
Methylene chloride 
PAHs (total) 
Tetrachloroethene 
Toluene 
l,l,l-Trichloroethane 
1,1,2-Trichloroethane 
Trichloroethene 
Vinyl chloride 

Inorqanics 

Arsenic 
Beryllium 
Barium 
Cadmium 
Chromium (as 
Cyanide 
Iron 
Lead 
Lithium 
Mercury 
Nickel 

VI ) 

9.51E-01 
1.54E+01 
9.41E-01 
6.85E-02 
6.20E-01 
7.06E+00 
3.04E-01 
1,32E+00 
4,50E+01 
1,71E+00 
5.70E-01 
3.43E+00 
7.04E+01 
1.48E+01 
2.52E-0 1 
1,18E+00 
2.30E-0 1 

Nitrate-Nitrite 4.10E+00 
Selenium 1,48E+02 
Strontium 7.87E-tOO 
Sulfate 5.82E-t-03 
Th a 1 1 ium 2,15E+02 

1,84E+02 
2. 87E+03 - _ _ -  - --- 

Uranium Vanadium _-_ - _ _  - _ _  -_ _. 
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Model for Determining the Soil Concentration 
of a Contaminant Representing Protection f rom 

Noncarcinogenic Risk Posed by Dermal Contact with Soi I 

DRFD x HQ x BW 
- %oil - 

ESA x SA x AF x W/Y x CF 

Variables: 

Csoi1 
DRFD = Dermal reference dose (mg/kg/day). 
HQ = Hazard quotient (unitless). 

! BW = Body weight (kg). 
ESA = Exposed skin surface area (cm2/day). 
SA = Skin adherence factor (mg/cm2). 

+ I AF = Dermal absorption factor (unitless). 
W/Y = Number of weeks exposed per year (weeks/year). 
C F  = Conversion factors kg/mg; 1 yeah52 weeks). 

Assumptions: 

= Contaminant concentration in the soil (mg/kg). 
1 

1 

The dermal reference dose (DRF'D) for each Contaminant is 
presented in Table 4-5. 
The hazard quotient (HQ) is 1/19. 
The body weight (BW) of an average child aged 1-6 Years is 
16 kg (Anderson et al., 1985). 
The exposed skin surface area (ESA) is 1,350 cm2/day (See 
text, Subsection 5.2.2.3). 
The skin adherence factor (SA) is 1.45 mg/cm2 (See text, 
Subsection 5.2.2.3). 
The dermal absorption factor (AF) is 0.02 (see text, 
Subsection 5.1.2.3). 
An individual is exposed 40 weeks per year (W/Y). 
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Tab le 5-19 

Soi I Concentrations Representing Protection from 
Noncarcinogenic Risk Posed by Dermal Contact with Soil 

i 

Chemic a 1 
Soil Concentration 

(mg/kg) 

! 

Orqanics 

Acetone 
Bis(2-ethylhexy1)phthalate 
2-But anone 
Carbon tetrachloride 
Chloroform 
1,l-Dichlorothane 
1,2-Dichloroethane 
1,l-Dichloroethene 
Ethylbenzene 
Methylene chloride 
PAHs (total) 
Tetrachloroethene 
Toluene 
i,i,i-Trichloroethane 
l,l,Z-Trichloroethane 
Trichloroethene 
Vinyl chloride 

Inorqanics 

Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium (as VI) 
Cyanide 
Iron 
Lead 
Lithium 
Mercury 
Nickel 
Nitrate-Nitrite 
Selenium 
Strontium 
Sulfate 
Thall ium 
Uranium 
Vanadium ~ 

2.80E+03 
1.43E+02 
1.40E+03 
1 e 96E+01 
2,80E+02 
2,80E+03 
2.07E+02 
2.52E+02 
2.80E+03 
1,68E+03 
1,43E+01 
2.80E+02 
8,39E+03 
2.52E+03 
1.12E+02 
2.07E+02 
3.64E+01 

NA 
NA 
NA 
NA 
NA 

1.43E+02 
NA 
NA 
NA 

2.80E-01 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA- - _ _  _ - _  . . -- - ~~ 

NA = Not applicable. Chemical is not of concern through this 
exposure route. 
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Model fo r  Determining the Soil Concentration 
of a Contaminant Representing Protection from 
Noncarcinogenic Risk Posed by the Inhalation 

of Airborne Contaminated Soil 

, 

Variables: 

IRFD x HQ x BW x C R F  

I R  x F1 x PMlOEF x ASP x CF 

Contaminant concentration in the soil (mg/kg). 
Inhalation reference dose (mg/kg/day) . 
Hazard quotient (unitless). 
Body weight (kg). 
Climatic region factor (unitless). 
Inhalation rate (m3/day). 
Unscaled concentration due to a unit erosion rate 
( ug/m3 ) / ( g/sec ) 
PMlO (respirabie size particles) emission factor 
(mg/m2/hr 1 . 
Area of the solar ponds (m2>. 
Conversion factors (10-3 g/mg; kg/mg; 

mg/ug; 1 hr/3,600 sec). 

Assumptions: 

The inhalation reference dose ( I R F D )  for each contaminant 
is presented in Table 4 - 5 .  
The hazard quotient (HQ) is 1/35. 
The body weight (BW) of a average child aged 1-6 years is 
16 kg (Anderson et al., 1985). 
The climatic region factor ( C R F )  is 0,0396 for climatic re- 
gion 3 (EPA, 1985b). 
The inhalation rate (IR) of a child is 15 m3/day (NCRP, 
1984). 
F1 is 4.789 for climatic region 3. 
The PMlO emission factor (PMlOEF) i s  4,097 mg/m2/hr. 
(The PMlOEF is derived in Appendix G )  
The area of the solar ponds (ASP) is 25,086 m2 (esti- 
mated). 
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Table 5-21 

Soil Concentrations Representing Protection from 

Contaminated Soil 
Noncarcinogenic Risk Posed by the Inhalation of Airborne 

Chemic a 1 
Soil Concentration 

(mg/kg) 

Or g ani c s 

Acetone 
Bis(2-ethy1hexyl)phthalate 
2-But anone 
Carbon tetrachloride 
Chloroform 
1,l-Dichlorothane 
1,2-Dichloroethane 
1,l-Dichloroethene 
Ethylbenzene 
Methylene chloride 
PA% (total) 
Tetrachloroethene 
Toluene 
l,l,l-Trichloroethane 
1,1,2-Trichloroethane 
Trichloroethene 
Vinyl chloride 

Inorganics 

Arsenic 
Barium 
Beryl 1 ium 
Cadmium 
Chromium (as VI) 
Cyanide 
Iron 
Lead 
Lithium 
Mercury 
Nickel 
Nitrate-Nitrite 
Selenium 
S tr ont ium 
Sulfate 
Tnall ium 

2.65E+01 
1.32E+01 
2.65E-01 
6,75E+00 
6.75E+00 
6.75E+02 
1.32E+02 
1.99E+01 
1.32E+01 
1.32E+00 
1.32E+01 
1.35E+03 
2.65E+01 
1.32E+03 
1.35E+03 
1.32E+01 
1.35E+03 - - 

6,75E+00 
-~ I- -~ 
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5.2.2 .5  Inhalation of Vapors . - - _  _ _ _  

The model and assumptions that were used to calculate soil con- 
centrations based on noncarcinogenic risk through the inhalation 
-of vapors are presented in Table 5-22. Because the X/Q factor 
for climatic region 3 was shown to result in the most conserva- 
tive soil concentrations (see Subsection 5.1.2.5), only the X/Q 
factor for region 3 was used in the calculations. The calcu- 
lated soil concentrations are presented in Table 5-23. 

5.2.3 Determination of Sei I Concentration Based on Non- 

Carcinogenic R i s k  Through A l l  Exposure Routes Combined 

The soil concentration of each site contaminant that would con- 
tribute 1/35 of a hazard index of one through all exposure 
routes combined was calculated using the equation of Rosenblatt 
et al. (1982). The multiroute soil concentrations are based on 
the soil concentrations calculated for individual exposure 
routes in Subsection 5.2.2. 

where, 

CCS-NC = The contaminant concentration in soil resulting 
in the sum of the hazard quotients for all ex- 
posure routes being equal to 1/35 (mg/kg). 

= The contaminant concentration in soil resulting 
in a hazard quotient of 1/35 based on incidental 
soil ingestion (mg/kg). 

= The contaminant concentration in soil resulting 
in a hazard quotient of 1/35 based on incidental 
soil ingestion (mg/kg). 

%I 
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Table 5-22 

Model fo r  Determining the S o i l  Concentration of a 
Contaminant Representing Protection from Noncarcinogenic 

5 R i s k  Posed by the Inhalation of Vapors 

- 

IRFD x HQ x BW x T - - %oil 
IR x Psoi1 x ASP x Fa x L x X/Q X CF 

i 
Variables: 

I 

Contaminant concentration in the soil (mg/kg). 
Inhalation reference dose (mg/kg/day) I 

Hazard quotient (unitless). 
Body weight (kg). 
Time after the waste is applied to the soil (sec). 
Inhalation rate (m3/day). 
Density of the soil (g/cm3 . 
Area of the solar ponds (m 1 .  
Fraction of the contaminant released to the air 
during 70 years (unitless). 
Depth of contaminated soil (cm). 
Contaminant concentration in air/emissions rate 

4 

iug/m3 ) / (g/sec ) . 
Conversion factors ( 1 0 4  cm2/m2; 10-6 (g/g>/ 

Assumptions: 

(1) The inhalation reference dose (IRFD) for each contaminant 
is presented in Table 4 - 5 .  

( 2 )  The hazard quotient (HQ) is 1/17. 
(3) The body weight (BW) of a average child aged 1-6 years is 

16 kg (Anderson et al., 1985). 
( 4 )  The time after the waste is applied to the soil (T) is 

equal to a 70 year lifetime, 2.21 x lo9 sec. 
(5) The inhalation rate (IR) of a child is 15 m3/day (NCRP, 

1984). 
( 6 )  The density o f  the soil is the density reported 

for packed dry earth, 1.5 g / c m  . 
(7) The area of  the solar ponds (ASP) is 25,086 m3 (esti- 

mated). 
( 8 )  The fraction of the coapound released to the air during 70 

years (Fa) is presented in Appendix Table H-1. 
( 9 )  The depth of contaminated soil (L) is 121 cm (estimated). 
-4 10) The contaminant - concentration -in air/emissfons- -rate (X/Q) 

is approximately 4 .789  (ug/m3)/(g/s) for climatic region 
3 (EPA, 198533). 

(Ps,p) 
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contaminant Concentrations in S o i l  Representing 

Posed by the Inhalation of Vapors 
* Protection from Noncarcinogenic R i s k  

r 

Chemical 
Soil Concentration 

(mg/kg) 

Orqanics 

i 

Acetone 
Bis(2-ethylhexy1)phthalate 
2-But anone 
Carbon tetrachloride 
Chloroform 
1,l-Dichlorothane 
1,2-Dichloroethane 
1,l-Dichloroethene 
Ethylbenzene 
Methylene chloride 
PAHs (total) 
Tetrachloroethene 
Toluene 
l,l,l-Trichloroethane 
1,1,2-Trichloroethane 
Trichloroethene 
Vinyl chloride 



-- -- - - -  - CDC- - =_The _contaminant -concentration in soil resulting 
in a hazard quotient of 1/19 based on dermal 
contact with soil (mg/kg). 

= The contaminant concentration in soil resulting 
in a hazard quotient of 1/35 based on the in- 
halation of airborne contaminated soil (mg/kg). 

= The contaminant concentration in soil resulting 
in a hazard quotient of 1/17 based on the in- 
halation of vapors. 

cIv 

The soil concentration of each contaminant which results in the 
sum of the hazard quotients for all exposure routes being equal 
to 1/35 is presented in Table 5 - 2 4 .  The soil concentrations 
for the individual contaminants results in a hazard index 

i (i.e., the sum of the hazard quotients for a l l  contaminants 
I 

through all exposure routes) of one. 

5 . 3  

ALL SITE CONTAMINANTS 

The final target soil clean-up levels are presented for the site 
contaminants in Table 5 - 2 5 .  For the carcinogens, clean-up lev- 
els were calculated based on both carcinogenic and noncarcino- 
genic risk. The lowest (i.e., most conservative) clean-up lev- 
el that was calculated for each carcinogen was considered to be 
the final clean-up level; in all cases, the lowest clean-up 
level for these chemicals was the one calculated based on car- 
cinogenic risk. 

5 . 4  

Because sampling data were not available for the soils beneath 
the solar ponds, clean-up levels were derived for these soils 
in Subsections- -5; 2- through - -  5.3 based - on -a-l-1 possible site- -- -- - - 
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Table 5-24 - - 

Contaminant Concentrations in Soil Representing 
Protection from Noncarcinogenic Risk Through a l l  

Exposure Routes Combined’ 

Soil Concentration 
Chemical (mg/kg) 

Or qani c s 

Acetone 
Bis(2-ethylhexy1)phthalate 
2-Butanone 
Carbon tetrachloride 
Chloroform 
1,l-Dichloroethane 
1,2-Dichloroethane 
1,l-Dichloroethene 
Ethylbenzene 
Methylene chloride 
PAHs (total) 
Tetrachloroethene 
Toluene 
l,l,l-Trichloroethane 
1,1,2-Trichloroethane 
Trichloroethene 
Vinyl chloride 

Inorganics 

Arsenic 
Barium 
Beryl 1 ium 
Cadmium 
Chromium (as VI> 
Cyanide 
Iron 
Lead 
Lithium 
Mercury 
Nickel 
Nitrate-Nitrite 
Se 1 en i um 
Strontium 
Sulfate 
Thallium 
Uranium 
Vanadium 

9.47E-01 
l,llE+01 
9.34E-01 
6.61E-02 
6.06E-01 
6,88E+00 
2.99E-01 
1.25E+00 
3.85E+01 
1.69E+00 
9.75E-02 
3,04E+00 
6,47E+01 
1,39E+01 
2.46E-01 
l.llE+OO 
2.16E-01 

2.64E+00 

2.60E-01 
1.65E+00 
4,63E+00 
3.48E-01 
1,30E+02 
3.99E-01 
1.12E+01 
1.67E-01 
l105E+01 
4.03E+00 
6,38E+00 
2.96Ei-00 
1.04Ei-03 
2.05E-01 
I .  76E+00 
5,09E+00 

1,21E+01 

lSum of the-daily int-ake:reference dose ratios for each-con- -- - - --- 
taminant (i,e,, hazard quotients) is equal to 1/35, resulting 
in a hazard index of one. 
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- __ - - - - --. - 
Table 5-25 

Final Target Clean-up Levels for Soil 
Based on A l l  Site Contaminants 

_. - - - - __ - -- - - ._ -_ 

Chemic a 1 
Soil Concentration 

(mg/kg) 

Orqanics 

Acetone 
Bis(2-ethylhexy1)phthalate 
2-Butanone 
Carbon tetrachloride 
Chloroform 
1,l-Dichlorothane 
1,2-Dichloroethane 
1,l-Dichloroethene 
Ethylbenzene 
Methylene chloride 
PAHs (total) 
Tetrachloroethene 
Toluene 
l,l,l-Trichloroethane 
1,1,2-Trichloroethane 
Trichloroethene 
Vinyl chloride 

Inorqanics 

Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium (as VI) 
Cyanide 
Iron 
Lead 
Lithium 
Mercury 
Nickel 
Nitrate-Nitrite 
Selenium 
Strontium 
Sulfate 
Thallium 
Uranium 
Vanadium 

1.65E-O2(C) 
1,21E+01 
1.05E-O2(C) 
9.54E-O2(C) 
1.41E-O2(C) 
3.48E-01 
1,30E+02 
3.99E-01 

1.67E-01 
7.16E-O1(C) 
4,03E+00 
6,38E+00 
2.96E+00 
1.04E+03 
2.05E-01 
1, 76E+001 
5,09E+00 

1.12E+01 

- -  
f C )  Final clean-up level is based-on -carcinoge~ic-risk.---- -- - -I - - -  
Tentative clean-up level. Clean-up level based on radio- 
toxicity may be lower. 
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contaminants. - However, - .the available sampling data indicate 
that not all of the organic site contaminants are present 
throughout the soils surrounding the ponds and that not all of 
the inorganic contaminants are present above background at all 
-site locations. Because target clean-up levels are based on 
the assumption of the additivity of toxic effects, clean-up 
levels are dependent on the number of contaminants present. 
Therefore, location-specific clean-up levels may need to be 
calculated for the soils surrounding the ponds. 

The contaminants fo r  each site location should be chosen using 
the same approach as that used to determine the site contami- 
nants for the site as a whole. The approach for selecting site 
contaminants was presented in Section 2.0. 

- . __ 

5 . 4 . 1  Location-Specific Clean-up Levels  for Carcinoqens 

Clean-up levels can be derived for the carcinogens at each site 
location by adjusting the risk soil concentrations that 
were calculated based on all of the site contaminants (Table 
5-12). The clean-up levels for the carcinogens which would re- 
sult in a total loe6 cancer risk at any given location can be 
calculated using the following equation: 

TCL-C x 10 
(5.4-1) 

- - 
ccsL #CAR-SL 

where, 

ccsL 

ccs-c 

- 

#CAR-SL 

= The soil clean-up level for a carcinogen at a 

specific site location. 

= The contaminant concentration in soil posing 
a lo-’ cancer risk (mg/kg) (from Table 5-12). 

- - _ _ _  - . . -_ 

= The number of carcinogens at the site location. 
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5.4.2 .Location-Specific Clean-up Leve ls  for Noncarcinogens__--_- . - 

Clean-up levels based on noncarcinogenic risk need to be 
calculated only for the noncarcinogens, since previous calcula- 
tions (Subsections 5 . 1  and 5 . 2 )  indicated that for the carcino- 
genic site contaminants, the limiting factor in determining 
clean-up levels i s  carcinogenic risk. The clean-up level for 

t each noncarcinogen can be calculated using the following equa- 
tion: 

i 
( 5 . 4 - 2 )  

I 

CNCSL 

where, 

CNCSL 

CCS-NC 

#C-SITE 

I 

#C-SL 

TCL-NC x #C-SITE 

#C-SL 
- - 

= The soil clean-up level for a noncarcinogen-- 
at a specific site location (mg/kg) 

= The soil concentration determined for the 
chemical based on the noncarcinogenic risk 
posed by all contaminants (mg/kg) (from 
Table 5-24 or 5 - 2 5 ) .  

= The number of contaminants for the entire 
site (i.e., 3 5 ) .  

= The total number of site contaminants at 
the site location 

As an example, a theoretical site location can be assumed at 
which the following are considered to be site contaminants: 
arsenic, cadmium, chromium, lithium, nickel, and nitrate. 
Based on their frequency of detection above background, and/or 
reported concentrations above background (see Appendix B), 
these inorganics are-among the--site Tontaminants that--are -most -- - - - -  --  - 
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- -  likely to be identified . -  - as _ _  location-specific - - contaminants in 
soils surrounding the ponds. Of these chemicals, clean-up lev- 
els for arsenic, cadmium, chromium, and nickel would be based 
on carcinogenic risk and those for lithium and nitrate on non- 
carcinogenic risk. The clean-up levels for these contaminants 
at the theoretical site location, calculated using equations 
5.4-1 and 5.4-2, are presented in Table 5-26. The cleanup lev- 
els that were calculated for these contaminants based on all 
site contaminants combined are also presented for comparison. 

5.4.3 Assumptions and Uncertainties 

The approach used to derive clean-up levels at each site-spe- 
cific location should be viewed as an initial approach which 
can then be modified, depending on the sampling results at that 
location. The approach is based on the additivity of the risk 
of individual chemicals, each of which is allowed the same 
weighted risk (i,e., either the same fraction of the hazard in- 
dex or the same cancer risk), Technically, however, there are 
innumerable combinations of soil concentrations which could re- 
sult in goals of a hazard index of one and a lifetime total 
cancer risk of IOy6 (i.e,, if the concentration of one con- 
taminant is lowered, the concentration(s) of another contami- 
nant(s) may be raised without changing the overall risk). For 
example, if the sampling results indicate that a particular con- 
taminant is present at a given location at a concentration that 
is below the calculated clean-up concentration, the clean-up 
concentrations of the other contaminants may be raised accord- 
ingly. 

At locations at which there are both carcinogenic and noncar- 
cinogenic contaminants, the clean-up levels for the noncarcino- 
gens can be higher than those that would be calculated using 
equation (5.4-2). The clean-up levels for the carcinogens will 
be based on carcinogenic risk, because the cancer risk-based 

- -~ clean-up levels -are--lower than --those -based on noncarcinogeni-c- - - 
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Tab le 5-26 

Cornpartson of Target Clean-up Levels f o r  Contaminants 
at a Theoretical Site Location with Target 

Clean-up Levels Based on All Site Contaminants 

i 
i 

Arsenic 
Cadmium 
Chromium 
Lithium 
Nickel 
Nitrate-Nitrite ! 

Soil Concentration 
(mg/kg) 

Based on 
Theoretical All Site 
Site Location1 Contaminant s2 

Calculated f o r  a theoretical site location at which only 
the six listed chemicals are identified as site contami- 
nants. 
Site location at which all 35 site contaminants are assumed 
to be present (from Table 5-24). 

(c) Clean-up level is based on carcinogenic risk. 



- risk lsee Subsection - 5 - 3 )  .- - -However-, the- clean-up- levels for- 
the noncarcinogens take into account the noncarcinogenic risk 
posed by the carcinogens. Because the carcinogens will have to 
be cleaned up to lower levels than those based on noncarcino- 
-genic risk, the clean-up levels for the noncarcinogens can then 
be raised proportionately. 

Finally, as previously indicated in Subsection 5.2.1, the as- 
sumption of additivity in determining the potential for noncar- 
cinogenic health risks is most appropriately applied to chemi- 
cals that produce the same toxic effect by the same mechanism. 
If the contaminants at a given location have different noncar- 
cingenic toxic effects, it may be possible to raise the target 
clean-up levels by segregating the contaminants according to 
their mechanism of toxic action and then determining clean-up 
levels for the chemicals within each group. 

i 
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APPROACH TO CALCULATING THE UPPER LIMIT OF THE TOLERANCE 
INTERVAL FOR THE BACKGROUND SOILS DATA 

In order to develop representative background data, samples were 
collected from the surficial and bedrock soils in the plant 
buffer zone to the southeast and northwest of the plant. The 
primary determinant for use of the appropriate statistical 
method for comparison of background and non-background chemical 
concentrations i s  the percentage of values above analytical de- 
tection limits. If there are less than 10 percent detects for 
a particular parameter, tolerance intervals based on the Poisson 
distribution are appropriate; if greater than 10 percent and 
less than 5 0  percent detects occur, a test of proportions is 
appropriate; and if greater than 50 percent detects are en- 
countered, tolerance intervals based on a normal distribution 
or analysis of variance (ANOVA) are appropriate (EPA,  1989e). 
Tolerance intervals based on a normal distribution were cal- 
culated when greater than 5 0  percent detects were encountered. 

Tolerance intervals define a range that contains at least "P" 
percent of a population with "P" percent probability (level of 
confidence) (i,e,, upon repeated sampling, "P" percent of the 
calculated intervals will contain "p" percent of the popula- 
tion). Tolerance intervals answer the question: where do most 
of the observations lie? 

i 

For the tolerance interval to be useful in decision making, both 
"p" and "P" are chosen to be large, in this case, p = 0 . 9 5  and 
P = 0.95. An on-site chemical concentration that lies outside 
of this interval may represent a contaminant released from the 
site. 
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A tolerance interval is either one-sided or two-sided._ A two- _ _ _ _  

sided tolerance interval is appropriate whenever a concentration 
either larger or smaller than background may be associated with 
a contaminant release, e.g., pH. In the case of soils, one- 
sided tolerance intervals are appropriate where an increase 
over background concentrations are indicative of releases. A 

two-sided interval is defined by two limits (L1 and L 2 )  

where a proportion "p" of the population is contained between 
the limits L1 and L2 with probability "P". An upper (or 
lower) one-sided tolerance limit is defined so that "P" percent 
of the population is less than (or greater than) the upper 
1 imit L a ,  

The upper limit tolerance interval for the background soil data 
was calculated using the equation: 

1 
t L2 = X + Ks 

where, 

= upper tolerance interval L2 
6 

X = mean of the sample data of sample size n 
S = standard deviation of the sample data 
K = the normal tolerance factor (dependent on p, P, and n) 

"K"  values were obtained from Table A-1. 

Some inorganic constituents will be undetected in background 
soil samples. Special procedures are thus needed to compute the 

number o f  the observations are below the detection limit. A 

data set is termed censored when not detected (ND) obser-vrations 
are present in a data set, and some assumption must be made 
about the statistical distribution for the entire data set. A 

technique for calculation of the mean and standard deviation of 

1 mean and standard deviation of a population when a significant 
/ 

- -  - - .  _ - - -_ . -- - - - - - - -  

A-2 
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Tolerance Factors (K) for One-sided Normal 
Tolerance intervals for 95 Percent of the Population 

at 95 Percent Confidence 

n One-sided 

2 
3 7 . 6 5 5  
4 5 . 1 4 5  
5 4 . 2 0 2  
6 3 . 7 0 7  
7 3 . 3 9 9  
8 3 . 1 8 8  
9 3 . 0 3 1  

1 0  2 . 9 1 1  
1 1  2 . 8 1 5  
1 2  2 . 7 3 6  
1 3  2 . 6 7 0  
14  2 . 6 1 4  
1 5  2 . 5 6 6  
1 6  2 . 5 2 3  
17 2 . 4 8 6  
18  2 . 4 5 3  
1 9  2 . 4 2 3  
2 0  2 . 3 9 6  

2 . 3 7 1  2 1  
2 2  2 . 3 5 0  
2 3  2 . 3 2 9  
24  2 . 3 0 9  

2 . 2 9 2  2 5  
2 . 2 7 8  2 6  

2 7  2 . 2 6 3  
28  2 . 2 4 9  
2 9  2 . 2 3 4  
3 0  2 . 2 2 0  
3 5  2 . 1 6 6  
40  2 . 1 2 6  

2 , 0 9 2  4 5  
50 2 . 0 6 5  
60 2 . 0 1 7  
8 0  1 . 9 6 2  

1 0 0  1 . 9 2 4  
2 0 0  1 . 8 3 6  
500 1 . 7 6 3  

1 , 0 0 0  1 . 7 2 7  
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such a data set was developed by Cohen and- can be used if the ._ 

data are normally distributed. 

The Cohen procedure is as follows (Doctor, Gilbert, and Kinn- 
.ison, 1986) .  

Let: 

n = The total number of observations for a constitiuent 
k = Number of actual measurements out of n (not NDs) 
X = The detection limit of the constituent 

0 

Then : 

Compute h = (n-k)/n (the proportion of measurements below 
the detection limit). 

- 

Compute xu = (sum of xi for i = 1 to k)/k. 

Compute S = (sum of ( X ~ - X ~ ) ~  for i = 1 to k)/k. 

h 

Compute t = sL / ( X ~ - X ~ ) ~  U 

Estimate the means and variance of the population from which 
the censored data set was drawn by computing: 

x = x 
u2 + la (xu-xo) 1 s = [ S  

- la (xu-xo) and 
2 1 / 2  

U 

A-4 
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Table A-2 

* 

i 

i 

I 
! 
, 

f 

a 
I 

! 

1 

, 

Values of X for Estimating the Mean and Variance of a 
Normal Distribution when NO Values are Present 
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Summaries of data that were used in screening inorganics and 
radionuclides as site contaminants based on a comparison with 
background are presented in Tables B-1 through B - 1 2 .  The data 
are summarized according to soil type: alluvium (Tables B-1 

through B - 3 ) ,  colluvium (Tables B-4 through B - 6 ) ,  sandstone 
(Tables B-7 through B - 9 ) ,  and claystone (Tables B-10 through 
B - 1 2 ) .  

Table B-13 contains a list of the inorganics and radionuclides 
which were eliminated as site contaminants and indicates the 
reasons for their elimination. Those substances which were 
considered to be above background in one or more soil types are 
presented in Table B - 1 4 .  There were some substances that were 
judged to be borderline, based on the available data (i.e., the 
sampling data did not clearly indicate if the chemical is pres- 
ent above or below background). The borderline chemicals were 
conservatively assumed to be above background. 
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Table 8-13 

Inorganics and Radionuclides Eliminated as Site 
Contaminants Based on a Comparison with 

Background 

Analyte Reason(s) for Elimination 

Inorqanics 

Aluminum - less than 10 percent of the 
samples for any soil type were 
above background 

- average of values above back- 
ground were close to background 
value 

Antimony - only one sample in one soil type 
was above background 

Cesium 

Cobalt 

Copper 

Mignesium 

- not detected above background 
in any soil type 

- less than six percent of the 
samples for any soil type were 
above background 

- average of values above back- 
ground were close to background 
value 

- above background in only one 
soil type 

- average of values above back- 
ground were close to background 
value 

- less than seven percent of the 
samples f o r  any soil type were 
above background 

- average of values above back- 
ground were close to background 
value 
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Tab l e  B-13 
(continued) 

Analyte Reason(s) for Elimination 

Inorqanics 

Manganese 

Molybdenum 

Silver 

Tin 

Zinc 

Radionuclides 

Cesium 

Radium 2 2 6  

Radium 2 2 8  

Uranium 2 3 5  

- less than eight percent of the 
samples for the alluvium, none 
of the colluvium samples, and 
0 . 3  percent of the claystone 
samples were above background 

- average of values above back- 
ground in alluvium, colluvium, 
and sandstone were close to 
background value 

- not detected above background 
in any soil type 

- not detected above background 
in any soil type 

- not detected above background 
in any soil type 

- less than 10 percent of the 
samples for any soil type were 
above background 

- average of  values above back- 
ground were close to background 
value 

- not detected above background 
in any soil type 

- not detected above background 

- not detected above background 

in any soil type 

in any soil type 

- average of values above back- 
ground very close to background 
value 

B-15 
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Table 8-14 

Inorganics and Radionuclides Considered 
to be Above Background1 

i 

Inorganics Radionuclides 

Arsenic Americium 2 4 1  
Barium (B) Plutonium 2 3 9 ,  240  
Beryllium ( B )  
Cadmium Tritium 
Calcium Uranium 2 3 3 ,  234 
Chromium Uranium 238 
Iron (B) 
Lead (B) 
Lithium 
Mercury (B) 
Nickel 
Nitrate 
Potassium (B) 
Selenium (B) 

Strontium (B) 
Thallium (B) 
Vanadium 

Substance is considered to be above background in one or 
more soil types. 

Strontium 8 9 ,  90 (B) 

t 
i 

i Sodium (B) f 

(B) = Borderline. The sampling data do not clearly indicate 
if the chemical is present above or below background. 
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APPENDIX C _ _  - 

MEMORANDUM TO ROCKWELL INTERNATIONAL 
CONCERNING APPROACH TO DERIVING 

TOXICITY VALUES (HEALTH CRITERIA) 

I 
T 
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M E M O R A N D U M  

August 11, 1989 

TO : Laura Frick 

FROM : Charles Dobroski 
Robert Warwick 

RE : Task # 7 :  Health Criteria for Rocky F l a t s  Solar 
Pond TCL Project 

Please find attached: 

0 A table summarizing available health criteria endpoints for 
the contaminants of concern. The criteria a r e  taken from 

4 the Health Effects Assessment Summary Tables, 2nd Quarter, 

9200.6-303-(89-2), April, 1989. This table also notes those 

available in the HEA Summary Table. 

I 

FY 1989, U.S. EPA, OSWER (OS-2301, ORD (RD-689), OERR 
I 

I 
1 chemicals for which there are no criteria currently 

0 A table of health criteria endpoints for the radionuclides 
that was prepared by Don Dunning. 

The approaches that will be employed to derive health-based 
criteria endpoints for the chemicals for which they are not 
currently available are outlined below:. 

Cancer Potency Factors 

0 If no current potency factor is available for a specific 
exposure route, older factors developed for the same route 
will be re-evaluated. 

0 If a potency factor is available for only one exposure 
route, oral or inhalation, the potency factor will be used 
for both exposure routes if the toxic effects through both 
routes are the sane.  

0 Because there are no dermal potency factors, the more 
conservative of the oral or inhalation factors will be used 
for the dermal route. 

c- 2 
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Reference Doses ( R f D )  

0 Inhalation 

0 The threshold limit value (TLV-TWA;, ACGIH) for the 
chemical will be used as the basis for the R f D .  If 
there is also an older inhalation R f D ,  it will be 
re-evaluated and the more conservative factor will be 
used. 

0 If there is only an older factor, it will be 
re-evaluated. 

0 If no TLV or older factor is available: 

0 Orsanic chenicals. The oral RfD will be used, 
since it is likely these compounds will be 
systemically absorbed following inhalation. 

0 Inorqanic Chemicals. The oral R f D  will be used 
only if the toxic effects by both the oral and the 
inhalation exposure routes are the same. 

0 Oral 

0 Both Oraanic and Inorqanic Chemicals. 

0 An RfD on which the lifetine health advisory for 
drinking water (U.S. EPA) is based will be used 
if available. 

0 Old oral R f D s  will be re-evaluated if the health 
aC?visory is not available. 

0 Other health-baszd water quality criteria (e.g., 
adjusted acceptable daily intake) will be used to 
derive an R f D .  

0 Dermal 

0 An inhalaticn RfD ~ 5 1 1  5 e  used, if syste;;..lc 
effects are the basis for t h e  criterior,. 

0 Because there are no dernial R f D s ,  the more conservative 
of the oral or inhalation factors will be used. 

- _ -  - ~ "Note: If no criteria - are avai1.able--from--whi-cfi -to derive R f D s ,  - - -  
the original literature will be searched for suitable data on 
which to base an RfD. The R f D  will be derived according to U.S. 
EPA guidelines. 
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Footnotes 

[Table 1: Available Toxicological Endpoints f o r  Nonradioactive 
Chemicals; Rocky Flats Solar Pond TCL Project] 

(a) 

(b) 

Verified on IRIS (Integrated Risk Information System, U.S. 
EPA) 

Based upon route to route extrapolation 

There is inadequate evidence for carcinogenicity of this 
compound by the oral route. 

Incorporates an absorption factor of 0 . 4 .  1.3E-01 
(mg/kg/day)-l as administered and 5.2E-02 (xg/kg/day)-l as 
absorbed dose 

A new unit risk of 1.7E-06 (ug/m3)-l has been proposed in 
the Addendum to the HAD (U.S. EPA, 1987) and adopted in the 
update KEA (U.S. EPA, 1985) 

Based on metabolized dose 

Not applicable 

Not determined 
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ADDITIONAL APPROACHES TO CALCULATING REFERENCE DOSES 
FOR SELECTED SITE CONTAMINANTS 

Oral and /or inhalation reference doses (RfDs) were not avail- 
able for some site contaminants. In Subsection 4 . 2  an approach 
to calculating inhalation RfDs from a threshold limit value- 
time weighted average (TLV-TWA) was described. In this appen- 
dix, additional approaches that were used to derive RfDs for 
site contaminants are presented. 

Oral reference doses (RfDs) were derived for nine of the site 
contaminants. Several of the RfDs were derived from drinking 

were derived from toxicity data, using guidelines developed by 
the U.S. EPA (EPA, 1989d). These guidelines involve the appli- 
cation of uncertainty factors and a modifying factor to a NOAEL 
(no-observed-adverse-effect level) or a LOAEL (lowest-observed- 
adverse-effect level) selected from the scientific literature. 
Standard uncertainty factors of 10 each are applied for the 
following: to account for variation in the general population 
(i.e. , to protect sensitive populations), when extrapolating 
from animal data, when using data from a subchronic study, and 
when using a LOAEL. A modifying factor ranging from greater 
than zero to ten is included as a reflection of a professional 
judgment of additional uncertainty,in tho database. 

i 
7 water or other available toxicity-based values. The remainder 

An inhalation RfD was also derived for one of the nine contam- 
inants (i.e., lithium) based on toxicity information, using the 
TLV-TWA approach described in Subsection 4 . 2 .  
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Iron 

An oral RfD for iron was calculated based on information indi- 
cating that toxic effects due to iron ingestion (i.e., mild 
gastrointestinal irritation) may be evidenced in humans at 
doses of 3 0  to 5 0  mg/kg (Goldfrank et al., 1986). Assuming 
that 30 mg/ kg represents the LOAEL, incorporating an uncer- 
tainty factor of 10 for extrapolating from a LOAEL to a NOAEL 
and applying a modifying factor of 1, an RfD of 3.OE+00 mg/kg/ 
day was derived. 

Lead 

In 1985, EPA proposed a maximum contaminant level goal (MCLG) 
for lead of 2 0  ug/l. An MCLG is a nonenforceable health goal 
for public drinking water supplies. The proposed MCLG was 
based on blood levels in infants of 15 to 20  ug/dl representing 
levels of concern and assumed 100 percent exposure was from 
drinking water. However, EPA has more recently proposed an 
MCLG of zero and an MCL of 5-10 ug/l (EPA, 1988). An MCL is an 
enforceable standard for public drinking water supplies. The 
most conservative proposed MCL (i.e., 5 ug/l) was used to de- 
rive the oral RfD for lead. Assuming the consumption of two 
liters of water/day and a body weight of 70 kg (EPA, 1989d), an 
oral RfD of 1.4E-04 mg/kg/day was calculated for lead. 

Lithium 

Lithium (as lithium carbonate) is used for maintenance therapy 
of acute mania at doses of approximately 1200-1800 mg/day 
(equivalent to approximately 169 to 226 mg/day of lithium ion 
(Jefferson et al., 1983). An oral RfD was calculated for lith- 
ium based on the lowest maintenance dose (i.e., 169 mg/day), 

- _  - I - - . - . I - I -- -- . -  - - - ~  - - 
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assuming a body weight of 70 kg (EPA, 1989dI. Because adverse- 
dermatological reactions (i-e., rashes) have been associated 
with theraputic dosages in some individuals (Clayton and Clay- 
ton, 1981), an uncertainty factor of 10 was applied to arrive 
.at a NOAEL. An additional uncertainty factor of 10 was used to 
account for human variation. Based on these assumptions, an 
oral RfD of 2.4E-02 mg/kg/day was derived for lithium. 

Lithium hydride was the only form of lithium for which inhala- 
tion toxicity data were available. Lithium hydride is intensely 
irritating and corrosive to the skin and mucus membranes and its 
TLV-TWA of 0 . 0 2 5  mg/rn3 (ACGIH, 1989) is based on its irritant 
properties. However, concentrations ranging from 0.025 to 0.10 
mg/m , which have been associated with a tickling sensation 
in the nose and a mild nasal discharge, have been reported to 
be tolerated by workers who are continuously exposed (Clayton 
and Clayton, 1981). 

Lithium was previously disposed of in the solar ponds as lithium 
chloride and lithium metal (DOE, 1987) Lithium would not be 
expected to be present as the hydride on site and there has been 
no evidence of industrial health hazards being associated with 
the inhalation of other forms of lithium (Clayton and Clayton, 
1981). Therefore, the use of the TLV-TWA for lithium hydride to 
derive an inhalation RfD on which to base a clean-up level for 
lithium will be expected to be overly conservative. In the ab- 
sence of inhalation data for other forms for lithium, however, 
the upper limit of the tolerated range for lithium hydride 
(i.e., 0.10 mg/m ) was assumed to be an acceptable exposure 
level for workers for other forms of lithium. Substituting 
this value as the "TLV-TWA" in the equation presented in Sec- 
tion 4.0, Table 4-4, an inhalation RfD of 1.OE-04 mg/kg/day was 
derived for lithium for the general public. 

3 

3 
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The current maximum contaminant level (MCL) for sulfate was used 
to develop an oral RfD. The MCL of 250 mg/l for sulfate is 
based on its laxative effects (EPA, 1977). Assuming the con- 
sumption of 2 liters of water per day, and a body weight of 70 
kg (EPA, 1989d), an oral RfD of 7.1E+00 mg/kg/day was derived 
for sulfate. i 

Strontium 

An oral RfD for strontium was developed based on a 90-day feed- 
ing study in rats in which 300 ppm of strontium hexahydrate in 
the diet was tentatively (see below) identified as a NOAEL 

(Kroes et al., 1977). The dietary concentration was converted 
to a daily intake of strontium of 7.88 mg/kg/day, by assuming 
that a rat consumes 20 grams of food/day and weighs 250 grams, 
and by taking into account the percentage of strontium in 
strontium hexahydrate (i-e., 32 .86  percent). The body weight 
and food intake were those used by the National Research Coun- 
cil in deriving a 7-day drinking water standard for strontium 
based on the Kroes et al. study (NRC, 1982). Uncertainty fac- 
tors of 10 each were applied for using data from a subchronic 
study, for extrapolating from animal data, and for human vari- 
ation. Because the investigators questioned whether the accum- 
ulation of strontium in the bone which was seen at 3 0 0  ppm rep- 
resented an adverse effect, a modifying factor of 5 was also 
incorporated into the derivation of the oral RfD. Based on 
these considerations, an oral RfD of 1.6E-03 mg/kg/day was 
derived for strontium. 

Uranium 

Kidney toxicity is the primary noncarcinogenic toxic effect of 
excessive exposure to uranium. The NOAEL for kidney toxicity, 

_- - I - - .  _ _ _ -  - - - _ - - __ I I 
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D-4 

0 1 5 0 L  



based. on long-term animal studies, is reported to range from 
0.1 to 1.0 mg/kg/day (as uranyl nitrate) (EPA, 1985a). An oral 
RfD was derived for uranium from the lower limit of the NOAEL 
range (i.e., 0.1 mg/kg/day), adjusting for the percentage of 
uranium in uranyl nitrate (60.4 percent). Applying uncertainty 
factors of 10 each for extrapolating from animal data and for 
human variation, an oral RfD of 6.OE-04 mg/kg/day was derived. 

D . 2  Organics 

, 
1,2 Dichloroethane 

For 1,2-dichloroethane, an adjusted acceptable daily intake 
(AADI) of 0.260 mg/l was used as the basis for the oral refer- 
ence dose. The AADI was derived from a NOAEL reported in an 

1 8-month inhalation study on a variety of animals, in which 
t changes in the liver, lungs, kidney, adrenals, and heart were 

the toxic endpoints (EPA, 1984b). Assuming the ingestion of 2 
1989d), 

I 

i 

i liters of water per day and a body weight o f  70 kg (EPA, 
an oral RfD of 7.4E-03 mg/kg/day was calculated. 

Naphthalene 

The oral RfD for naphthalene (4.1E-03 mg/kg/day) adjusted by a 
I modifying factor of 100 to give an oral RfD of 4.1E-05 

mg/kg/day, was used for the PAHs (cotal). Naphthalene is the 
only PAH for which an oral reference dose has been developed by 
EPA (EPA, 1989a). Because the structure of naphthalene differs 
substan- tially from many of the PAHs, its toxicity may a l s o  be 
substan- tially different. Therefore, a conservative modifying 
factor of 100 was used. 

D-5 
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a 

An oral RfD of 1.3E-03 mg/kg/day was developed for vinyl chlor- 
ide based on a NOAEL of 0.13 mg/kg/day reported in a lifetime 
.study in rats in which decreased survival and hepatotoxicity 
were the most sensitive toxic endpoints (ATSDR, 1988b). Uncer- 
tainty factors of 10 each were incorporated to account for ex- 
trapolation from animal data and for human variation. A modi- 
fying factor of 1 was used. 
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APPROACHES TO DERIVING MODELS FOR DETERMINING RISK-BASED 
SOIL CONCENTRATIONS FOR INDIVIDUAL EXPOSURE ROUTES 

All of the equations used in the derivaton of models for deter- 
mining soil clean-up levels are in accord with current U.S. EPA 

guidance for performing human health exposure and risk assess- 
ments (EPA, 1985b, 1987b, 1989d). 

E.l Models Based on Carcinogenic R i s k  

The algorithms for determining soil concentrations for carcino- 
genic site contaminants based on carcinogenic risk were derived 
for each exposure route (with the exceptions of the inhalation 
of airborne contaminated soil and the inhalation of vapors) 
from two equations, one f o r  calculating lifetime carcinogenic 
risk, and the other for determining estimated daily intakes 
(EPA, 1989d). It was assumed in the derivation that individ- 
uals are continuously exposed to contaminants over a 70-year 
1 if et ime . 

The general equation that is used to calculate carcinogenic risk 
is the same for each exposure route: 

Carcinogenic Estimated Carcinogenic (E-1) 
Risk = Daily Intake x Potency 

(mg/kg/day) Factor 
(mg/kg/day)-’ 

The equation for determining estimated daily intake varies for 
each exposure route, depending on the applicable exposure fac- 
tors. However, for all of the routes, the intakes (as ex- 

- - _ _ - - -  - - _- - - - - - - - __ _I - - 
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pressed in mg (contaminant)/kg(body weight)/day) are directly ~ _ _ _  __ .__. - 

proportional to the soil concentration and inversely propor- 
tional to body weight. 

The general equation that is used to calculate estimated daily 
intake is as follows: 

(E-2) Estimated Con t ami n an t Route-Specific 
Daily Intake = Concentration X Expo s u r e 

in Soil Factors (mg/kg/day) 
( mg/kg 1 (kg/day) 1 

Body Weight 
(kg) 

By substituting equation (E-2) in equation (E-1) and solving for 
"Contaminant Concentration in Soil, " the following general 
equation was derived for determining soil concentrations based 
on carcinogenic risk: 

(E-3) Contaminant Carcinogenic Risk x Body Weight 
Concentration = (kg) 
in soil Route-Specific Carcinogenic 
( mg/kg 1 Exposure Factors x Potency Factor 

(kg/day) (mg/kg/day)-' 

The route-specific exposure factors (including unit conversion 
factors) that were used to derive the final equation for each 
applicable exposure route are presented in Table E-1. The final 
equations for soil concentrations based on carcinogenic risk 
are presented in the text in Tables 5-1, 5-3, and 5-5 for the 
incidental soil ingestion, vegetable ingestion, and dermal con- 
tact with soil exposure routes, respectively. 

1 Net unit based on all route-specific exposure factors com- 
bined 

E-2 
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- - - _ _  _ _  Table EL-1 - - - . - - . ._ - - - 

Route-Specific Exposure Factors/Unit Convers ion  Factors 

Incidental Soil Inqestion 

0 Soil ingestion rate (mg/day). 
0 Number of weeks exposed per year (weeks/year). 
0 Conversion factors ( kg/mg; 1 year/52 weeks). 

(Root) Vegetable Inqestion 

0 Root vegetable ingestion rate (g/day). 
0 Fraction of vegetables that are home-grown (unitless). 
0 Root  uptake factor (unitless). 
0 Conversion factor ( low3 kg/g) . 

Dermal Contact with Soil 

2 
0 Exposed skin surface area (cm /day). 

Skin adherence factor (unitless). 
Dermal absorption factor (unitless). 

0 Number of weeks exposed per year (weeks/year). 
0 Unit conversion factors kg/mg; 1 year/52 weeks). 

0 1 5 0 L  
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The approach to deriving the soil concentration equations for 
the inhalation of airborne contaminated soil and the inhalation 
of vapors exposure routes was also based on two equations, one 

- ._ - -_ . 

for calculating lifetime carcinogenic risk (EPA, 1989d), the 
other for determining the concentration of a contaminant in air 
based on fugitive dust emissions (EPA, 1985b) or vapor emis- 
sions (EPA, 1987b). 

(E-4) Carcinogenic Air Concentration Inhal at ion 
Risk = of Contaminant Unit Risk 

X Factor 
3 -1 ( u g h  1 

(E-5). Air Concentration Contaminant Dust 
of Contaminant = Concentration Generation/Vapor 

( u9/m3 1 in Soil X Generation 
(mg/kg 1 Factors 

(ug/m3 x kg/mg) 

The dust generation factors are based on the Industrial Source 
Complex Long Term (ISCLT) model developed by the U.S. EPA (EPA, 
198533). The vapor ger-eration factors are based on a land 
treatment emission model (EPA, 1987b). The factors that were 
included in the ISCLT and land treatment emission models are 
presented in Tables E-2 and E-3, respectively. 

By substituting equation (E-5) in equation (E-4 )  and solving for 
"Contaminant Concentration in Soil," the following equation was 
derived for determining soil concentrations based on carcino- 
genic risk through the inhalation of contaminated soil and in- 
halation of vapors exposure routes: 

Net units based on all dust generation/vapor emission 
- factors and unit risk-factors combined. - _  

E-4 
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Dust Generation Factors Used in the Soil Concentration Models 
for the Inhalation of Contaminated Soil Exposure Route 

Unscaled concentration due to a unit erosion 
rate (ug/m3 ) / (g/sec 1 

- - F1 

Annual average PMlO emission rate per unit - - PMlO 
Emission of contaminated surf ace (mg/m2/hr) 
Factor 

Surf ace 
Area 

- C 1  imatic - 
Region Factor 

Area of contaminated soil (m2) 

Region-specific factor (l/unitless factor) 

Unit Conversion 
Factors - 

- Model based - - 10-3 g/mg; 10-6 kg/mg; 1 hr/3,600 
on carcinogenic sec 
risk 

- Model based - - 10-3 g/mg; 10-6 kg/mg; mg/ug; 
on noncarcin- 1 hr/3,600 sec 
ogenic risk 

E-5 
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Table E-3 

I 

, 

Vapor Generation Factors Used in the Soil 
Concentration Models for the Inhalation of Vapors 

Exposure Route 

Psoi1 

Surf ace 
Area 

Fa 

L 

I 
P 

WQ 

T 

Unit Conversion 
Factors 

- Model based 
on carcinogenic 
risk 

Density of the soil (g/cm3) 

Area of contaminated soil (m2> 

Fraction of the contaminant released to the 
air during 7 0  years (unitless) 

Depth o f  contaminated soil (cm) 

Contaminant concentration in air/emissions 
rate (ug/m3/ (g/sec) 

Time after waste is applied to the soil 

- Model based - - 104 
1 on noncarcin- 10-3 mg/ug t 

ogenic risk 
t 

E-6 
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. - - - - - - (E-6) Contaminant Carcinogenic Risk _ -  

Concentration = 

in Soil Dust Generation/ Inhalation 
(mg/kg ) Vapor Generation x Unit Risk 

3 -1 
Factors Factor 

(ug/m3 x kg/mg) (ugh 1 

The final equations, including all dusthapor generation fac- 
tors are presented in the text in Tables 5-7 (inhalation of 
contaminated soil) and Table 5-10 (inhalation of vapors). 

E.2 Models Based on Noncarcinoqenic Risk 

The models f o r  determining soil concentrations for all of the 
site contaminants based on noncarcinogenic risk were also de- 
rived for each exposure route (with the exceptions of the inha- 
lation of airborne contaminated soil -and the inhalation of va- 
pors) from two general equations, one for calculating the haz- 
ard quotient, and the other for determining estimated daily in- 
take. The equation for calculating the hazard quotient is the 
same for each exposure route (EPA, 1989d): 

(E-7)  Hazard = Estimated Daily Intake 
Quotient (mg/kg/day) 

Reference Dose 
(mg/kg/day) 

The equation for determining estimated 
as that presented in Subsection E.l, equation (E-2). 

daily intake is the same 

The models for determining soil concentrations based on noncar- 
cinogenic risk were derived by substituting equation (E-2) in 



e 

equation ( E - 7 )  and solving for "Contaminant . _ _  _ _  Concentration - _  - -  . -  in 
Soil." This yields the general equation: 

- _ _ _  - - - -  - - _  

(E-8) Con t ami n an t Hazard Reference Body 
X 

Concentration = Quotient Dose Weight 

(mg/kg 1 Route-Specific Exposure Factors 
in Soil (mg/kq/day) (kg) 

(kg/day) 

The route-specific exposure factors are presented in Table E-1. 
The final equations are presented in the text in Tables 5-14, 
5-16 and 5-19 for the incidental soil ingestion, vegetable in- 
gestion, and dermal contact with soil exposure routes, respec- 
tively. 

\ 

For the inhalation of contaminated soil and inhalation of va- 
, * pars exposure routes, the model for determining soil concentra- 

tions based on noncarcinogenic risk was derived from three 
equations, one for determining the hazard quotient, one for de- 
termining the estimated daily intake, and one for determining 
the contaminant concentration in air based on fugitive dustha- 
por emissions: 

(E-9) 

\ 

Estimated Daily Intake 
Hazsrd (mg/kg/day) 

- Quotient - 

Reference Dose 
(mg/kg/day) 

Net unit based on all route-specific exposure factors com- 
bined, 

- - - _-_ -- - -_ - - -. - - - --- - - _  - -  ~ 
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(E-10) 

(E-11) 

BY 

Estimated Daily 
Intake 

(mg/kg/day) 

- 

Air Inhalation 
= Concentration x Rate 

of Contaminant 
(mg/m 1 

( m3 /day 1 
3 

Air Concentration 
of Contaminant 

3 (mg/m 1 

substituting equation 

Body Weight 
(kg) 

Contaminant Dust/Vapor 
= Concentration x Generation 

in Soil Factors 
(mg/kg) (kg/m 1 3 1  

(E-11) in (E-10) then substituting 
equation (E-10)  in equation (E-9)  and solving for "Contaminant 
Concentration in Soil", the following equation was obtained: 

(E-12) Contaminant Reference Dose Hazard Body Weight 
Concentration = (mg/kg/day) x Quotient X (kg) 
in Soil 
(mg/kg) Inhalation Rate Dust/Vapor Generation 

( m3 /day 1 X Factors 
( kg/m3 1 

The dust and vapor generation factors are presented in Tables 
E-2 amd E-3, respectively. The final equations, including the 
dusthapor generation factors are presented in the text in 
Table 5-20 (inhalation of contaminated soil) and Table 5-22 
(inhalation of vapors), respectively. 

Net units based on all dust generation factors and unit 
- -- - conversion factors cnmbined,__ - _ _  

E-9 
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APPROACHES TO DETERMINING ROOT UPTAKE 
FACTORS FOR ROOT VEGETABLES 

This appendix presents a discussion of the approaches used in 
estimating root uptake factors (RUFs) for root vegetables. The 
root uptake factor is defined as follows: 

‘root 

‘soil 

where, 

= Chemical concentration in the root ‘root 
# 
1 

= Chemical concentration in the soil ‘soil 

F . l  Organics 

! 

An equation for estimating RUFs for organics was derived using 
Separate equations which related the concentration of a chemical 

1 to the chemical concentration in water in roots 
1 and the chemical concentration in water to the chem- (‘water 

ical concentration in soil (Csoil 1 .  

(‘root 

‘root %oat ‘water 
X - (F-1) RUF = - 

‘soil Cwater ‘soil 

F-1 
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has been defined as the root 
concentration factor (RCF) (Briggs et al., 1982). The ratio of 

is expressed b y  the following water/soil ‘water to ‘soil 
partition model: 

to ‘water . ~ .  The ratio of. Croat 

‘water 

‘soil Koc 

where, 

= Organic carbon partition coefficient for the chemical. 
= Fraction of organic carbon in the soil. 

Koc 
4 fOC 

Substituting ”RCF” and equation (H-2) for Croot/Cwater and 

, respectively, in equation (F-l), the fol- ‘water/‘soi 1 
lowing equation was derived for estimating RUFs for organic 
chemicals. 

RCF 
(F-3) RUF = 

Koc 

RCFs were calculated using an equation developed by Briggs et 
al. (1982). Briggs studied the uptake of organic chemicals from 
solution by barley shoots and established the following rela- 
tionship between the root concentration factor (RCF) and the 

(octanol/water partition coefficient) for the organics 
tested: 
Kow 

(F-4) log (RCF - 0.82) = 0.77 log Kow - 1.52 

F-2 
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The Kocs and the K DW s - that were used in - -  deriving _I the - - RCFS - __. - . _ _ -  

are presented in Table F-1. An foc of 0,025, which is typi- 
cal of the types of soils found on site, was used (USDA, 

1980). The RUFs that were estimated for the organic site 
contaminants are presented in Table F-2. 

- F. 2 I norgan i cs 

The RUFs that were used for the metals were based on transfer 
i coefficients that were developed by Baes et al. (1984) for 

tuber crops. Tubers are similar to carrots in that most tubers 
grow underground and serve as food storage organs. The RUE'S 

for the metals are presented in Table F-2. 

f 
4 

RUFs were not available for cyanide, sulfate, and nitrate. In 
the absence of an RUF for nitrate, the transfer coefficient for 
nitrogen was used (Baes et al., 1984). The inorganic nitrogen 
in most arable soils is nearly all used by plants in the form 
of nitrate (Bartholomew and Clark, 1965). There was no infor- 
mation in the surveyed literature from which root uptake 
factors for sulfate or cyanide could be determined. The 
transfer coefficient for sulfur was, therefore, used for 
sulfate and the highest (i.e., most conservative) transfer 
coefficient that was available for an inorganic (i.e., the 
transfer coefficient for chlorine) was used, by default, for 
cyanide (Baes et al,, 1984). The uncertainty associated with 
using this approach is n o t  known, However, because root uptake 
is a function of solubility, and because the cyanide complexes 
that might be found at this site are very soluble (e.g., potas- 
sium cyanide with a water solubility of 5.OE+00 mg/l), this 
conservative approach was felt to be appropriate. 

Because the transfer coefficients were based on dry weight 
concentrations, they were adjusted for a moisture content of 
88.2 percent (based on carrots) (Baes et al., 1984). 

_ _  - -  I _- - -  - - _ _  - 

F-3 
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Organic Carbon Partition Coefficients (Ko,s) and 
Log OctanolAVater Partition Coefficients ( l o g  Kows) 

for the Organic Site Contaminants 

Chemical 1 KO, 
~~~~~ ~ ~ 

Acetone 2,20E+00 
Bis(2-ethylhexy1)phthalate 3. 69E+042 
2-Butanone 4,50E+00 
Carbon tetrachloride 1.10E+02 
Chloroform 3.10E+01 
1,l-Dichloroethane 3,00E+01 
1,2-Dichloroethane 1,40E+01 
1,l-Dichloroethene 6,50E+01 
Ethylbenzene 1.10E+03 
Methylene chloride 8.80E+00 
PAHs (as benzo(a1pyrene) 5.50E+06 
Tetrachlorocthene 3.64E+02 
Toluene 3,00E+02 
l,l,l-Trichloroethane 1.52E+02 
1,1,2-Trichloroethane 5.60E+01 

Vinyl chloride 5,70E+01 
Trichloroethene 1.26E+02 

-2.40E-01 

2.60E-01 
2.64E+00 
1.97E+00 
1.79E+00 
1.48E+00 
1.84E+00 
3.15E+00 
1,30E+00 
6.06E+00 
2.60E+00 
2,73E+00 
2.50E+00 
2.47E+00 

1.38E+00 

4. 88E+003 

2.38E+00 

lUnless otherwise indicatzd the source of the value i s  EPA, 

2Estimated using the following equation: log KO, = 0.937 

3ATSDR, 1987. 

1986~. 

log KO, - 0.006 (Lyman et al., 1982). 
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Table F-2 

Root Uptake Factors (RUFs) 

Chemical RUF 

Or qan i c s 

Acetone 
Bis(2-ethylhexy1)phthalate 
2-Butanone 
Carbon tetrachloride 
Chloroform 
1,l-Dichloroethane 
1,2-Dichloroethane 
1,l-Dichloroethene 
Ethylbenzene 
Methylene chloride 
PAHs (as benzo(a1pyrene) 
Tetrachloroethene 
Toluene 
l,l,l-Trichloroethane 
l,l,l-Trichloroethane 
Trichloroethene 
Vinyl chloride 

1 I Inorqanics 

Arsenic 

Beryllium 
Cadmium 
Chromium 
Cyanide 
Iron 
Lead 
Lithium 
Mercury 
Nickel 
Nitrate-Nitrite (as nitrogen) 
Selenium 
Strontium 
Sulfate (as sulfur) 
Thallium 
Uranium 
Vanadium 

i Barium 

1.53E+01 
1.88E-01 
7.71Ef00 
1,48E+00 
2.34E+00 
2,06E+00 
3.53E+00 
9.90E-01 
3.22E-01 
5.10E-tOO 
1.02E-02 
4.24E-01 
6.19E-01 
8.84E-01 
2.31E+00 
9.12E-01 
8.20E-01 

7.08E-04 
1.77E-03 
1.77E-04 
1.77E-02 
5.31E-04 
8, 26E+001 
1.18E-04 
1.06E-03 
4.72E-04 
2.36E-02 
7.08s-03 

2.95E-03 
2.95E-02 
1.77E-01 
4.72E-05 
4.72E-04 
3.54E-04 

3,54E+00 

-IThe root uptake factor for chlorine w a s  used by default -(see - - - -  
Subsection F.2) 

F-5 

0150L 



* 

METHODOLOGY USED TO DETERMINE THE PMIO EMISSION FACTOR 

'The PMIO emission factor is one of the input parameters that 
is used in determining soil concentrations based on the inhala- 
tion of contaminated soils (see text, Tables 5-7 and 5 - 2 0 ) .  

The term PMIO refers to airborne particles of respirable size 
(i.e., particles of 10 um or less in aerodynamic diameter). The 

emission factor is the annual average PMIO emi s s i on 
emis- rate per unit area of contaminated surface. The PMIO 

sion factor was calculated according to U . S .  EPA guidance (EPA, 
1985b) using the following equation: 

PMIO 

(G-1) PMIO Emission Factor = 

(mg/m2/hr) 

0.83 (1-Fraction of Site) x Erosion x Frequency 
(Covered with Vegetation) Potential of Disturbance 

( g/m2 ) per Month 

2 (Precipitation Evaporation Index/50) 

The value of 0 . 8 3  is an empirical number that has been deter- 
mined from data from field measurements. The fraction of the 
site covered with vegetation was assumed to be 0 . 2 5 .  Because 
the evaluation is based on a residential housing development 
scenario, this assumption is likely to be conservative. In a 
suburban residential setting, most o f  the soil (i.e., greater 
than 0.25) would be expected to be covered by buildings, vege- 
tation, or paving, minimizing the potential for dust generation. 
The frequency of disturbance Is assumed to be 30 times per 
month. The precipitation evaporation (P-E) index is a value 
that has been calculated by the U.S. EPA for specific regions 
of the country for use in equation G-1. The P-E index for the- . 

Denver area is 38 (EPA,  198533). 
__ ~ - __ - 

~ - ~ 
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- -  The erosion potential, - the quantity of erodible particles (of a 

given size) that is present on the surface prior to the onset of 
wind erosion, was calculated using equation (G-2). 

r 

I (G-2) Erosion = 6.7 (Fastest Mile Between - Threshold Velocity) 
Potent i a 1 Disturbances 

( g/m2 ) (m/s> 

In the absence of site-specific observed fastest mile data 
(Busby, 1990), a probable value of the mean annual fastest mile 
for the Denver area ( 2 2  m/s) was used (EPA, 1985b). The 
threshold velocity was calculated using equation ( G - 3 ) .  

I 
i 

(G-3) Threshold Ratio of the Wind Wind Erosion 
i 

1 Velocity = Speed at 7 m Height x Threshold Friction 

t ( W s )  Velocity 
at 7 m Height to the Friction Velocity (cm/s) 

I 
A conservative wind erosion threshold friction velocity of 25 i 

1 cm/s was assumed based on a particle size distribution mode of 
i 100 um, the maximum in the EPA reference (EPA, 1985b). The 

ratio of the wind speed to the friction velocity was calculated 
using equation (G-4). 

7 (m) 

Speed at 7 m Height to = 0.4 (m) 
the Friction Velocity 

1 In roughness height (e-4 1 Ratio of the Wind - 

A roughness height of 5 cm was used based on a suburban resi- 
_. - - _  _ -  - -_ --dential dwell-ing- (EPA, 1985b). - 

G-2 
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Using the equations and input factors -that -have been-pssented ----- - 

in this appendix, a PMIO emission factor of 4,097 mg/m / 
hour was calculated. 

2 

i 
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METHODOLOGY USED TO DETERMINE 
THE FRACTION OF CONTAMINANT RELEASED 

TO THE AIR THROUGH VOLATILIZATION (Fa) 

This appendix presents the approach that was to determine Fa, 
the fraction of contaminant released to the air after 7 0  years. 
Fa is an input parameter in the models that are used to de- 
termine soil concentrations based on the inhalation of vapors 
(see text, Tables 5-7 and 5-10). 

The method for calculating Fa for a specific compound is de- 
pendent on the product of the modified volatilization constant 
(Kd) and the time constant for biological decay (tb). 

If Kdtb 0.62,  then 

If Kdtb < 0 . 6 2 ,  then 

2 1 / 2  Fa = (KeqDetb/l ) 

where K is the equilibrium coefficient, and 1 is the depth 
of contaminated soil. 

eg 

The time constant for biological decay (tb) is dependent on 
the biorate (B), the time required for the compound to degrade: 

H- 1 
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The biorate ( B )  is compound specific. Biorate values were 
obtained from the U.S. EPA (EPA, 198733). 

- __ 

The modified volatilization constant (Kd) is based on the 
volatilization constant: 

! 

(H-4) 

The volatilization constant (Kv) reflects the rate at which 
the compound evaporates into the air. It is calculated from 
the equilibrium coefficient (K ) and the effective diffusion 

eq 
coefficient (De) of the compound in the soil, and from the 
depth of soil contaminated (1): 

Keq De 
- 

Kv - (H-5) 
l2 

and K were calculated from equations (H-6) and (H-7), 
respectively. The depth of soil contamination was assumed to 
be 121 cm. 

De eq 

I 

The effective diffusion coefficient (De), which is dependent 
on the compound diffusing within air pockets in the soil, was 
calculated based on the diffusion coefficient in air (D,), 
the soil air-filled porosity (E,), and the soil total 
porosity of waste (ET). 

In the absence of site-specific data or data from which to 
calculate site-specific values, default values given in the - - _- _- - - . - - - - -  _ _  _ -  - - 

H-2 
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model were used for the soil air-filled porosity (E and the 
soil total porosity of waste (ET). Values of 50 percent and 
60.7 percent were assumed for Ea and ET, respectively (EPA, 

1987b). 

- - . -  .a - __ -- - - _ _  - .- - _ _  - _ - _  

The equilibrium coefficient (K ) was calculated based on the 
eq 

vapor pressure of the compound (P*), the molecular weight of 
P the oil (MWoil), the ideal gas constant ( R ) ,  the temperature 

of the vapor in soil (T), the organic waste loading in soil 

i (L), and the soil air-filled porosity (E,). 

i Ea P* x MWoil 
atm. K =  eq (H-7) 

~ 

RT L 

i 

The vapor pressure (P*) for each compound was obtained from the 
3.S. EPA (EPA, 1987b). In the absence o f  site-specific data or 
data from which to calculate site-specific values, default Val- 
ues given in the model were used for the molecular weight o f  
the oil (MWoil), the soil air-filled porosity (Ea), and the 
temperature of the vapor in soil (T). Values of 282, 50 
percent, and 298°K were used for MWoil, Ea, and T, 
respectively. The ideal gas constant i s  82.1 (atm x cm )/(g 
mol x deg K). 

3 

The organic waste loading in the soil (L) was calculated based 
on the total waste applied to the land (W), the fraction by 
weight of the applied waste that is organic (foil), the area 
of soil contamination ( A ) ,  and the depth of contamination (1) 

L =  
A x io,ooo crn2/m2 x 1 

In the absence of site-specific data or data from which to tal- 
-culat^e- a sit-e-specific value;--a defaul-t value- oTE' i;BD-o,-ooo g -  

was used for the total waste applied to the land (W). The area 

- - - . I .- 
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_ _  - of ~011- contamination (A)  and the depth of contamination (1) 
were estimated to be 25,086 m2 and 121 cm, respectively. 
Based on the types of organic compounds that were reported in 
site-related media, the assumptions were made that the type of 
waste i s  oily and the fraction by weight of the applied waste 
that is organic (foil) is 0 . 7 5 .  

The Fa for each of the contaminants that were evaluated for 
the inhalation of vapors exposure route and the compound-spe- 
cific variables that were used to calculate Fa, are presented 
in Table H-1. 
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